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Program 
Fall Meeting 
American Welding Society 
: Buffalo, N. Y. 


November 16, 17, 18 and 19, 1926 


Headquarters 
Technical sessions, exhibitions, demonstrations— Proadway 
Auditorium 


thin 


International Welding Exposition 


One of the largest Welding Expositions will be held in connec- 

tion with this fall meeting showing new developments in welding 

d. : apparatus and supplies. A unique feature of this Exposition will 

4 be an exhibit of a large variety of welded products. The Exposi- 

tion will open on Tuesday afternoon, November 16, the day preced- 

ing the Annual Fall Meeting of the Society, and will close on Fri- 

day, November 19 at 5 p.m. It will also be open on Tuesday and 
Wednesday evenings. 


Inspection Trip and Buffet Supper 


On Friday afternoon, November 19, 1926, an inspection trip 
has been arranged to Niagara Falls. Members of the Society and 
their guests will view the Falls from the American side with a 
short inspection trip through the Niagara Falls Power House. 
This will be followed by a buffet supper on the Canadian side and 
then a special illumination of the Falls will be shown, returning to 
uffalo late in the evening. The exact time and place for assem- 
‘ly of members and their guests will be announced at the Exposi- 
tion Headquarters. Reservation per person for this trip and sup- 
per is $1.75. 

Dinner Dance 


h A Dinner Dance will be held. Thursday evening at the Hotel 
Statler. Special arrangements have been made as to entertain- 
ment features which will insure a good time for everyone who at- 
‘ends. In addition, arrangements have been made for an excel- 
nt dinner. Reservations should be made at once by applying to 
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Mr. Carl D. Miller, 510 Morgan Building, Buffalo. Price per 
plate, $6. 


Attendance 


Indications are that there will be several thousand people in at- 
tendance at the various technical sessions, inspection trips, com- 
mittee meetings and exhibits, including representatives from all 
parts of the United States and Canada. Several exhibits of Euro- 
pean manufacturers are also included. 


Hotels 


Special arrangements have been made with a number of hotels, 
some of which are listed below, with the minimum rates for single 
room with bath: 

Hotel Broezel, $3; Buffalo, $2.50; Greystone, $2.50; Lafayette, 
$3; Lenox, $3; Stuyvesant, $2.50; Statler, $4; Touraine, $3. 


Badges 
Admission to exhibit hall to be by badges only; all members 
of the American Welding Society and exhibitors, including their 
authorized representatives, will be furnished with admission badge 
free of charge, other visitors will be charged 25c. for the admis- 
sion badge, which includes copy of official program. 


TECHNICAL PROGRAM 
WEDNESDAY, NOVEMBER 17, 1926 


Morning 
10 a. m. to 12 m. 
“Welding of Locomotive Parts,’ M. Gjersten, Master Welder, 
Northern Pacific Company. 
“Organization of Welding on the Railroad,” F. H. Williams, As- 
sistant Test Engineer, Canadian National Railways. 


Afternoon 
2 p. m. to 4 p. m. 

“Structural Steel Joints Fundamentally Designed for Arc Welded 
Connections,” A. M. Candy, General Engineering Department, 
Westinghouse Electric & Manufacturing Co. 

“Tests on Welded Roof Truss,” H. H. Moss, Linde Air Products 
Company. 


THURSDAY, NOVEMBER 18, 1926 


Morning 
10 a. m. to 12 m. 

“Welding Science in the Engineering Curriculum of Univers'- 
ties.” Prof. W. P. Turner, Purdue University; Prof. B. L. Lucas, 
Mississippi Agriculture and Mechanical College; Prof. S. T. fart, 
Syracuse University, Prof. O. D. Rickly, Ohio State University: 
Prof, F. V. Larkin, Lehigh University. 
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Afternoon 
1:30 p. m. 

Welding Wire Specifications Committee. C. A. McCune, Chair- 
man. 

2:30 p. m. 

Meeting of the American Bureau of Welding. The remarkable 
progress made by the welding research department of the Ameri- 
can Welding Society (American Bureau of Welding) will be a 
source of satisfaction to the members of the American Welding 
Society and the welding fraternity. 


Evening 
7 p. m. 


Dinner Dance. Details are given in first column. 
FRIDAY, NOVEMBER 19, 1926 
Morning 
9 a. m. to 10:30 a. m. 
Short technical session on “Welding in a Gaseous Atmosphere,” 


including demonstrations, and exhibitions will be made by Mr. 
P. P. Alexander and Mr. R. A. Weinman of the General Electric 





Company. 
10:30 a. m. to 12:30 p. m. 


Meeting of the Board of Directors, American Welding Society. 


Afternoon 


3:00 p. m. 
Inspection trip. 
Details are given in first column. 





A SPECIAL MESSAGE 


The American Welding Society owes 
its remarkable progress and success 
to the program of activities incor- 
porated at the time the Society was 
first conceived. This program had at 
its inception a desire to serve and 
serve unselfishly not only the manu- 
facturers of welding apparatus, but 
particularly a vast number of con- 
‘erns that use welding as part of their 
daily work and also to benefit the 
public at large. 

Among other things, this program 
neluded two annual get-together 
meetings, at which all of our members 

ould meet in a social way and create 
a . spirit of good fellowship and at the 
same time provide an opportunity for 
talking over accomplishments and dif- 

‘ulties with others interested in the 
same line of endeavor. 

The coming Fall Meeting of the 


Society, which will be held in Buffalo, 
will more full carry out the conception 
of the founders of the Society by hav- 
ing connected with it an International 
botonoray | Exposition. The technical 
papers have been carefully selected to 
cover timely subjects of interest to 
the welding fraternity. All indica- 
tions are that there will be a large 
attendance. Every member of the 
Society should plan to be present and 
help make this meeting an outstand- 
ing success. 

Among the many attractions will be 
the trip to Niagara Falls. It is al- 
ways worth while seeing these mighty 
falls and we will also be able to see 
how they are being harnessed in the 
service of mankind, as the inspection 
trip includes also a trip through the 
Niagara Power House. There will be 
a special illumination of the falls in 
honor of our inspection trip. A spe- 
cial dinner-dance has been arranged 
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which is sure to be enjoyed by all 
those who attend. 

Don’t forget the ladies; they are 
welcome. There will be much that 
will interest them. 


DISCUSSION OF FALL MEETING 
PAPERS 


The Meetings and Papers Commit- 
tee desires to secure a complete dis- 
cussion of the papers which will be 
presented at the Fall Meeting of the 
Society in Buffalo in November. 

In order to allow members of the 
Society an opportunity to become fa- 
miliar with the substance of these pa- 
pers, they have been printed in ad- 
vance in this issue of the Journal. 
Those members who find it impossible 
to attend can send in written discus- 
sion of any paper to Society head- 
quarters and it will be read at the 
meeting. 


WELDED RAIL JOINTS 


The Welded Rail Joint Committee 
he'd a meeting in Cleveland on Octo- 
ber 6 in connection with the Annual 
Convention of the American Electric 
Railway Association. About forty 
Way Engineers were present. One 
item on the calendar included a re- 
view and discussion of the results of 
a series of scientific tests made by 
the Bureau of Standards in determin- 
ing stresses in joints in the street and 
under the repeated impact testing ma- 
chine. This series of tests was made 
possible by the use of an electric re- 
cording strain gage device developed 
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by the Bureau of Standards and 
ealled the “Telemeter.” The commit- 
tee was unanimous in the opinion that 
further tests along this line should be 
made with the elimination perhaps of 
a number of the variables by select- 
ing a particular type of joint for a 
series of studies. There was also pre- 
sented an important report from Le- 
high University embodying the re- 
sults on a large number of shear tests 
on specimen joints prepared under the 
direction of the committee in order to 
develop, if possible, an improved type 
of seam welded rail joint. It is 
planned to publish the results of both 
the telemeter and shear tests in the 
near future in a Fifth Progress Re 
port of the Committee on Welded Rai! 
Joints. 


PAPERS ON WELDING 
FEATURED 


Members of the Society and others 
of the welding fraternity wil! be 
pleased to note that the American 
Iron and Steel Institute will devote 
one of its sessions to a paper on 
“Welding of Iron and Steel,” by Prof. 
C. A. Adams. The American Insti- 
tute of Steel Construction, which or 
ganization is cooperating with the 
American Bureau of Welding in the 
proposed Structural Steel Investiga- 
tion, will devote a session of its an- 
nual meeting to a paper on “Funda- 
mentals of Welding and Their Possi- 
ble Application in the Structural 
Field,” by W. Spraragen, Secretary of 
the American Bureau of Welding. 





SECTION ACTIVITIES 


Chicago 


One of the most successful PINE 
of this section was held on October 1. 
More than sixty people were present. 
Mr. H. H. Moss of the Linde Air 
Products Co. was the speaker of the 
evening. His subject was “Welding 
Roof Trusses,” which included some 
very interesting and elaborate tests 
carried out some time ago at the Buf- 
falo plant of the Linde Air Products 
Co. His lecture was accompanied by 
lantern slides, and it was clearly evi- 
dent by the discussion which followed 
that those present were extremely in- 
terested in the subject. Mr. G. O. 
Carter discussed at length the subject 
of welding in general and particularly 
as applied to pipe lines. His remarks 


were also of much interest to the 


audience. 
Boston 


The Executive Committee of t 
section held a very enjoyable mecting 
at Gloucester, Mass., on August 2°. 
A basket luncheon and picnic was en- 
joyed by the members of the com- 
mittee and the ladies. After the bus'- 
ness meeting and luncheon a ba‘) ing 
party was organized. 

A very interesting meeting © the 
Boston section is planned for the « ven- 
ing of October 21 at Lynn, Mass The 
features of the evening will be a ):pe' 
on “Hydrogen Welding,” demo stra- 
tions of hydrogen and atomic wi Ng 
and also a demonstration on cui'ing 
of boiler plate, tank plate and stee! 


this 





1926] SOCIETY ACTIVITIES 7 


castings by illuminating gas, accom- 
panied by a lecture. Prof. C. A. Adams 
of Harvard University will talk on 
“Welding Progress Linked with Re- 
search.” Prof. R. H. Smith of Mas- 
sachusetts Institute of Technology 
will give a brief talk on “Teaching of 
Welding in Engineering Schools,” and 
Mr. J. D. Wright, General Electric 
Company, Sehenectady, will present a 
paper on General Welding. 
Portland 

The regular monthly meeting of 
this section was held on September 30. 
Mr. W. P. Sehuck gave a very inter- 
esting paper on “Cast Iron Welding.” 
Considerable discussion followed on 
this subject. The following people 
were elected to serve on the national 
committees of the Society: R. L 
Smythe, National Board of Directors; 
G. C. Dierking, Membership Commit- 
tee; W. P. Schuck, Revision of By- 
Laws Committee. 


Northern New York 


About sixty members and guests at- 
tended the first meeting of the season 
on September 29 at Pittsfield, Mass. 
During the afternoon Mr. R. E. Wag- 
ner of the General Electric Company 
conducted an inspection trip through 
the Pittsfield factory of the General 
Electric Company to see applications 
of welding as used in the manufacture 
of transformers. After this an ex- 
cellent dinner was served in the 
works’ restaurant. The regular meet- 
ing was held at 7.30 p. m. Mr. H. W. 
Tobey of the Research Laboratory 
read a paper on “Electric Resistance 
Welding.” This paper was supple- 
mented by lantern slides and a large 
variety of welded samples. A film by 
the Department of the Interior and 
the Air Reduction Company was ex- 
hibited, showing the applications of 
gas welding and the manufacture of 
gas welding appliances. 





EMPLOYMENT SERVICE BULLETIN 


Opportunities—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 


in the BULLETIN. 


Services Available—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will re- 


main in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be addressed to the number indicated 
in each case and mailed to Society headquarters. 


POSITIONS VACANT 


V-35. Owner of welding shop and radiator company would like to secure 


experienced man to take charge. 


A permanent job is offered to all-round 


nechanie experienced in gas and electric welding. A salary from $50 to 
560 per week would be given to start according to experience of man. For 
faithful service, a percentage of business done would be given. 


V-36. Nine experienced arc welders wanted. Welders required to do night 





vork on a 10-hour shift from 7:30 p. m. until 6:00 a.m. Will alternate night 
gang with day gang. Position steady and with well-known coil pipe company. 


SERVICES AVAILABLE 


A-50. Would like to get in touch with reliable firm who contemplates going 
ito the Art of Forge-Lap Welding, for manufacturing Boiler Shells, Chem- 
‘al Apparatus, Ammonia Pressure Vessels of all description, Pulp Digesters, 
\ir Receivers, Steam Kettles, Car Tanks, etc. Am capable of designing and 
nstalling the necessary machinery for either Universal or special manufac- 
ire, also of giving instructions with relation to same. I have been thirty 
years in the profession. 


{ 
: 
: 
£ 
% 
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Welding Science in the Engineering 
Curriculum of Universities* 
Pror. 8. T. Hart,? 


At the request of the American Welding Society I have endeav- 
ored to tell, in this paper, what is being done in American universi- 
ties to study the science of welding; also what they have in mind 
to do in the near future. 

First, I wish to congratulate the American Welding Society on 
its united efforts in the cause of the science of welding. All the 
modern forms of welding are banded together for the common 
good of the science and efforts are not expended in useless compe- 
tition. When there were a large number of small companies, some 
good and some poor, some doing well in a business way and some 
not, the science of welding was not advanced, but now with a 
united society embracing all companies engaged in welding and 
many of these companies maintaining a force of research men, the 
science has made great strides. 

Many of our industries are the result of some accidental dis- 
covery or the result of years of development, but welding was 
started by scientific research men, such as Fouche, Picard, Gold- 
schmidt, De Meritens, Bernardos, Thomson and others. 

Electric welding is about forty years old, Thermit welding thirty 
years old and gas welding twenty-five. Only twenty-five years 
old! Just a boy out of college starting to learn the real business 
of life! When we look at the size of the American Welding So- 
ciety and the industries it represents, welding is certainly a won- 
derful child in its growth and development. 

Welding was started by men of science in research laboratories. 
As in the case of one of the newest developments, the Atomic Hydro- 
gen torch, the company says: “From the realm of pure physics 
and chemistry comes the discovery.” Men working in the old sub- 
jects of physics and chemistry, with gas and metals that had been 
known for years, in the highly theoretical laboratory, made a com- 
bination that is very practical, useful and a very wonderful step in 
the right direction. 

In the early days of welding some companies ran away with the 
inventions and even went so far as to make some of their instru- 
ments so special that no one but themselves could repair them, did 
no research work or anything to make the foundation of the indus- 
try broad and firm; but I am glad to say that this state of affairs 
does not exist today and in fact only existed for a short time. The 
industry soon started to rebuild on the firm foundation of science 
and on this base I know the schools can be of great help. 

When we train our men today in the schools, we aim to equ'P 














*To be presented at the Fall Meeting of the A. W. S., Buffalo, November, 1926 
+M. E., Dept. Syracuse University, Syracuse, N. Y. 
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them with the fundamentals so that they may have a broad basis 
on which to build when we send them to you. 

Before starting to write this paper I made a canvass of all the 
companies in this country that are listed as making welding appara- 
tus of any kind. A letter was sent asking the company to give in- 
formation in the form of pictures or slides, of any apparatus they 
had provided for schools. About 100 of the higher institutions of 
learning were asked to fill out a questionnaire, given below. 


QUESTIONNAIRE 


I 


ive you welding apparatus? 
Electric 
Gas 
Thermit 
Type cm Meee GE DTA s occ cc ow Eee echo ree ee eee Ceci sec eee rbcet eer 


Do students use the apparatus?........ 

Are lectures given using the apparatus for demonstration 

Is welding mentioned or explained to the students?........ 

To Wat RS cass bo Wied Fa VERE a0 2 Baber tees whee ct ep 


SUMMARY OF RESULTS 


Taking the number of universities heard from as the total and 
figuring the results on the percentage basis we have: 
Percentage using Electric apparatus, 30 per cent 
% “Gas apparatus, 60 per cent 
Thermit apparatus, 10 per cent 
Per cent of the universities who have 
the students use the welding appa- 
ratus, 47 per cent 
Per cent of the universities who give 
lectures on the science of welding, 50 per cent 
Per cent of the universities who ex- 
plain welding to the students, 81 per cent 
To the question, “To what extent” the following answers were 
given: 
“Part of the required course.” 
“Average amount of explanation given.” 
“No instruction given at present time.” 
‘Only to afford a comparison with welding at the forge.” 
“Average amount of explanation given.” 
“Ten lessons.” 
“Average amount of instruction given.” 
‘A small amount to Freshmen of Engin. and Ind. Colls.” 


“Several courses in Ind. College.” 
“One hour.” 


“About 30 min. in connection with each exp.” 


é se 








bhidh WANES grado Scie places 


1s ofA) FREER Rome ey EF SD ents att aoe he ee 


Tees, REMROL is . 


Sith Be 
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“Lecture and demonstration.” 

“One or two lectures to Seniors.” 

“Demonstrated by Instructor.” 

“Average amount of instruction given.” 

“To only a limited extent.” 

“Too brief courses.” 

“None.” 

“Limited.” 

“5 clock hours.” 

“Average amount of instruction given.” 

“Briefly.” 

“Try to give the main principles.” 

“Average amount of instruction given.” 

“Small (in lectures concurrent with shop).” 

“Average amount of instruction given.” 

“As required in shop practice.” 

“Average amount of instruction given.” 

“Used for repair work and students become familiar with it.” 
“Several hours.” 

“Average amount of instruction given.” 

“In courses in Design.” 

“Welding different materials.” 

“One lecture.” 

“Average amount of instruction given.” 

“In connection with courses in forging and not as a separate course.” 
“One period of four hours.” 

“About two-thirds of an hour course for one semester.” 
“Brief lectures.” 

“Carefully.” 

“Slight.” 

“During demonstration.” 

“Elementary principles in welding.” 

“Limited.” 

“In connection with machine shop design problems.” 
“Explained in machine design.” 

“Other types explained.” 

“One 2 hour lecture.” 

“Average amount of instruction given.” 

“In applications of electricity.” 

“Only casually.” 

“Lectures and demonstrations.” 

“In courses on Mech. Tech., Shop Equipment, etc.” 


Sixty answers were received to this questionnaire. In this way, 
by asking both the companies and the universitics, I had two op- 
portunities to find out what the schools have in the line of weld- 
ing apparatus. The questionnaire was designed to give in a few 
words the story of what apparatus the colleges have, how it is used, 
what information the students are given in the form of lectures 
and under “Remarks” it was hoped to get their plans for the future 
of welding. Practically all the statements as to the importance 
and future of welding are the personal opinion of the men who 
filled out questionnaires and not necessarily the opinion of the 
schools. 

Academic freedom allows all of us to speak on almost any sub- 
ject as we personally see fit and not necessarily always as the 
school, as a whole, thinks. Therefore, the personal equation /1a5 
to be taken into account in some of the answers. 

I am very much pleased and gratified with the cooperation tial 
has been given me and the answers show that a great many teach- 
ers are fully awake to the subject of welding. 
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After looking over the summary of the questionnaire, some of 
you may say, “They do not pay much attention to welding,” “they 
are behind the times,” etc. You may be right, but let me explain. 
You men are specialists in something in the welding line—welding 
is your work, welding is your play and, in some cases, welding is 
your God. Our students do not all go in to your companies. Sta- 
tistics show that about 75 per cent of our engineering students 
go into industries as a whole—steel, copper, machine tools, auto- 
mobiles, textiles, etc. The other 25 per cent go into research, con- 
sulting, teaching or go out of engineering. Now, if our grad- 
uates are spread over so large a field, we must give them such 
training in the main as will fit them to start in any one of the 
different lines. 

We have often figured out that if a student took all the sub- 
iects that would really be of use to him it would take him twenty- 
five years to finish his course, but as we have him for only four 
years, in most cases, and most of the students are normal men 
who wish to mix some sports and social life with their study, 
shops and laboratories, we must be very careful what we put into 
the curriculum. In the main, we feel that the engineering student 
has a well-balanced curriculum for the work that industry wishes 
him to do. As a proof of this the number of graduates asked for 
by industry this year was about three times as great as the num- 
ber available. 

If our engineering courses are already full, how can we give 
the proper training in welding science? A manufacturer finds that 
he can purchase a machine that is more efficient than the one he 
has, will not take any more room, will do the job better than it 
has been done; therefore he will generally buy that machine. This 
case of the manufacturer is a picture, as I see it, of the welding 
science. Welding has taken the place of some parts of foundry 
work, some forge work, helps in the machine shop, goes into con- 
struction and many other phases of engineering work, and, insofar 
as it supplants the work now given in the engineering schools, it 
should be given the time and thought of the work it supplants. 

As welding will be used more and more in the building of bridges, 
study and experiments should be made for new forms of structural 
steel. In design we shall be able to use a lower factor of safety, 
'r factor of ignorance as it is sometimes called, for if welding is 
used to join the parts and the joint can be made as strong as the 
parts, and by certain inspection the true condition of the joint may 
be known, a large amount of material will not have to be put in as 
a factor of ignorance. I feel that some adaptation of the instru- 
ment now used to inspect partly finished turbine wheels can be 
used to try the magnetic flux through the weld and therefore see, 
is it were, the entire inside of the weld. When this is accom- 
plished, we shall no more hear that “a good weld is all right, but 
‘ow do we know that it is a good weld?” 
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As welding originated in Europe, they have made some develop- 
ments that we might well copy, but in this paper we are confin- 
ing ourselves to American schools and industries. 

It may be of interest to give a few of the statements that came 
to me under the head of remarks on my questionnaire: 

“Instruction in welding is of great metallurgical value.” 

“The students enjoy the work and derive a good deal of benefit 
from it.” 

“Perhaps the most important method of joining and is there- 
fore necessary in design.” 

“Welding deserves a great deal more attention than we have 
time to give it.” 

“We intend to put in a course this winter.” 

“Every engineer should know what can be done by welding.” 

“We give a twelve weeks’ course for welders.” 

“So much used—all should know it.” 

“A knowledge of welding possibilities is a necessity for an up 
to date designer.” 

“Absolutely necessary.” 

“Each student is required to make a certain number of welds.” 

These are just a few of the remarks I received which show the 
general trend. In many cases the cry was—“we have no time or 
space.” 

Now, I would like to make a few suggestions as to how you, who 
represent the industries, can work with us to produce the best re- 
sults. Visit the universities in your district, get acquainted with 
the men who are interested in your line and offer a speaker on 
welding science. I suggest at least two talks—one on what weld- 
ing is and what it does, and one talk on design, test and economics 
of welding. These talks should be given by a man who knows his 
subject and who knows how to present it to students. Many of 
the schools would welcome samples of welding. 

Some of these samples could be used in a test problem in the 
testing laboratory to test the strength of the weld. Small pam- 
phlets on welding for distribution to interested students would be 
gladly received. Tabulated data regarding the strength and com- 
parative cost of welding with other forms of joining is needed in 
our work. In certain cases graduate students and men on theses 
would be glad to work on some research problem in the science of 
welding. 

The work of Professor McKibben, Prof. A. S. Kinsey, Dr. A. 
Krebs and the United States Bureau of Standards in the Science 
of Welding is of great interest to me and I believe is along the right 
lines. 

I feel that I have the privilege of making the above suggestion 
because I was a teacher of welding in the early days; also, made 
some simple investigations in those days to help the science. 

In closing I wish to thank the industries and the universities 
for their cooperation and help in this paper. 





















Welding Science in the Engineering 
Curriculum of Universities* 
O. D. RICKLY+ 


During the past fifteen years the welding industry has made a 
phenomenal growth paralleling that of the automotive industry. 
Originally used for making repairs, then gradually working its 
way into production of light steel work, it has finally reached the 
point where it is furnishing competition to the rivet in the con- 
struction of plate work such as storage tanks and boilers, and, 
according to recent reports, welding has also been used in place 
of rivets in the erection of structural steel buildings. Not so many 
years ago drums of oxygen and hydrogen were only to be found 
in the experimental laboratory. Now there is such a net work of 
delivery stations over the country that it is possible to procure 
these gases anywhere and any time. 

With the practical side of welding making such far-reaching 
strides, the question may well be asked as to what the various 
engineering schools are doing in the way of teaching the welding 
science. The mechanics of riveted joints has been taught for years 
and if welding is to replace riveting, our embryo engineers nat- 
urally must be taught the mechanics and construction of welded 
joints. It is the purpose of this brief paper to discuss this problem. 

Since representatives of other schools are also expected to con- 
tribute to this discussion, the author will limit himself to conditions 
as they exist at the school which he represents. 

Frankly, to date there has been very little done with the teaching 
of the theoretical side of welding. The reasons for this, as given 
below, are not solely the author’s views but are the consensus of 
opinion of the members of the teaching staff concerned with the 
problem. 

In the first place, as has previously been stated, the welding in- 
dustry has been developing so rapidly that what is new today will 
become obsolete in a short time. If the development of a new 
industry be represented by a curve, it will be noted that it starts 
out with a slow rise. After the value of that industry is once 
recognized the development curve rises rapidly until exhaustive 
research in all phases of the industry has been made, when the 
curve again flattens out. At this point operations, processes, and 
equipment become standardized. It is also to be noted that re- 
search in any industry always lags behind the practical growth of 
that industry, so that data accurate enough upon which to base 
computations are usually obtained after the practical side has been 
roughly developed. 

During the rapid development of a subject it is rather difficult 


*To be presented at the Fall Meeting of the A. W. S., Buffalo, November, 1926, 
‘Ohio State University, Columbus. 
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to make a place for it on an engineering curriculum, for what is 
new one year is obsolete the next. It is only when sufficient ac- 
curate data from which fundamental principles can be formulated 
that a subject is considered. However, this does not mean that 
the subject is entirely ignored, but is usually treated along with 
subjects of a similar nature. 

The welding industry is at present passing through this rapid 
growing stage, and if a prediction be permissible it would be that 
it is approaching the upper plateau of the development curve. 

This is based upon the fact that a vast amount of research is 
being done by the various agencies interested in the industry. 
Engineering code makers have practically all formulated rules for 
construction and testing of welded joints. All this will produce 
data from which fundamental laws can be formulated whereby 
a design can be calculated and executed with safety. 

After the weld is designed it still depends upon the skill of the 
welder for its calculated strength. Regardless of how carefully 
a weld is calculated and designed, that weld, because of the human 
factor, can be no better than the welder makes it. It is vital, to 
prevent the possibility of loss of life and of great property damage, 
that each weld should be flawless. For that reason every resource 
available should be called upon to make welding as nearly foo! 
proof as possible so that all welds, regardless of the welder, will 
have their required strength. This phase of welding has, in the 
past, been a serious drawback to its advancement into the major 
fields of industry. Reports of recent tests indicate that this ob- 
jection will soon be negligible. 

From the practical standpoint, the welding industry has not been 
entirely left out of the curriculum. In the industrial shops of the 
university gas welding has been taught for the past ten years. 
In all the shop courses it is not the purpose to make experts in the 
various lines but rather to acquaint the students with the shop 
equipment and methods. They are also taught the limitations of 
shop equipment, so that in case, at some future time, they get into 
the design field they will not place impossibilities before the man 
who is to execute the designs. Welding has been handled in the 
same way. The instruction consists of lectures on welding equip- 
ment, filler rods and fluxes, welding procedure for the various 
metals, etc. Demonstrations are given by the instructor, after 
which each student is required to make two welds, one of steel 
and one of cast iron. This work is required of the mechanical 
engineering students and elective for the other engineering ‘e- 
partments. 

The electrical engineering department gives lectures and demn- 
strations on the electric forms of welding. The lectures cover ‘he 
practical applications of electrical welding and power consumption. 

In conclusion, it is thought that, as soon as sufficient data have 
been obtained upon which calculations can be based, welding m:' h- 
ods and materials standardized and means devised for redu:ing 
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the personal factor to a minimum, welding will receive a great deal 
more consideration in the engineering college curriculum. The 
advantages of welding in the saving of time and materials are 
generally recognized and without doubt it is destined to become 
one of the most important of metal fasteners. 





Welding Science in the Curriculum 
of Engineering Universities* 
W. P. TURNERT 


The art of welding by which two pieces of ferrous metal may 
be united into one solid piece has long been known and used by 
the industries in fabricating parts for machines, tools, implements, 
structures and an innumerable variety of other purposes. The 
old method of welding, in which the ends were shaped, heated in 
a forge or furnace and then hammered together by hand or under 
a steam hammer, is too laborious, too expensive and too uncertain 
for many modern day production jobs. 

During the last twenty years new methods of welding have been 
developed which have opened up new fields for the application of 
welding, little before thought possible. 

“Autogenous Welding,” as the term is now generally understood, 
refers to the method whereby the parts to be welded are heated 
by a blow torch and the joint filled with metal of the same kind 
as the parts to be united melted from the end of a welding rod. 

The flame of the torch is produced by burning oxygen and acety- 
lene gas. The use of the oxy-acetylene blow torch has been made 
practical only since the development of methods for producing 
acetylene and oxygen gases on a commercial! basis, which dates 
back about twenty years. Since that time the processes of welding 
have been rapidly developed. Improvements in types of torches, 
regulating devices and methods have brought the art to a state of 
near perfection and the field of application is broadening with 
tremendous rapidity. 

Of equal importance with autogenous welding is “electric weld- 
ing.” In many cases these two methods are rivals in the same 
field, while in many other instances their paths diverge so clearly 
that there is little doubt in the mind of the engineer which of the 
two methods is best suited for his particular job. 

There are two distinct but well defined methods of electric weld- 
ing, one known as “arc welding” (either the metallic arc or the 
carbon arc), and the other as “resistance welding.” The process 
of are welding is in some respects similar to that of autogenous 


welding, but the process of resistance welding is quite different 
from either. 


“To be presented at Fall Meeting, A. W. S., Buffalo, November, 1926. 
Professor of Practical Mechanics, Purdue University, Lafayette, Ind. 
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In “metallic” are welding the heat of fusion is produced by an 
electric are struck at the juncture of the pieces to be welded. One 
of the wires conveying the electric current is attached to the work 
and the other wire is attached to a metallic welding rod called an 
electrode. By proper manipulation of the welding rod an arc is 
maintained at the joint, which immediately fuses the parts being 
welded and also melts from the end of the rod metal for filling the 
joint. In-“‘carbon” arc welding, a carbon electrode is used in place 
of the metal electrode. An arc is struck between the work and 
the carbon electrode. The filling rod is melted in the are and 
applied much the same as in oxy-acetylene welding. 

In resistance welding, heat is generated at the joint by the re- 
sistance to an electric current of low voltage, but high amperage 
that raises the temperature to the welding point where upon the 
pieces are pressed together. This method of welding involves the 
use of a special welding machine fitted with special clamping de- 
vices for holding the pieces in their proper position and with 
mechanism for exerting pressure to unite the pieces after they have 
been properly heated. Resistance welding is probably more gen- 
erally used in the manufacturing industries than any of the other 
methods, especially in cases where a great many pieces of the same 
size and shape are to be welded. 

Another method of welding ferrous metal parts is by the 
Thermit Process, one quite different from either autogenous or 
electric welding but of tremendous value and importance for cer- 
tain kinds of work. The field of usefulness for thermit is broad. 
It includes such jobs as welding broken rudder posts or stern posts 
of ships, joining rails for electric street car service, welding loco- 
motive frames and even breaking up icebergs that menace naviga- 
tion in the St. Lawrence River and Gulf during the early summer 
months. 

Thermit welding is accomplished by producing liquid steel at a 
temperature estimated to be about 5000 deg. fahr. and pouring 
it into the joint between the parts to be welded where it is retained 
by a mold of sand that has been placed about the parts to be 
welded. The intense heat of the liquid steel is sufficient to fuse 
with and unite the metal parts being welded. When cooled, a union 
has been made equal in strength to the original. The unusual! 
thing about this method of welding is the process of generating a 
temperature of approximately 5000 deg. fahr., a temperature 
nearly double that of liquid steel when tapped from a furnace. 
This intense heat is brought about in a crucible in which the ther- 
mit has been placed by a chemical reaction between the iron oxide 
and the finely divided aluminum of the thermit. After the reac- 
tion, molten steel is at the bottom of the crucible on which floats 
a slag of aluminum oxide. 

The oxy-acetylene cutting torch or the electric carbon arc used 
for cutting steel parts, in cases where large masses of tangled stee! 
structural beams are to be cleared away, steel ships dismantled or 
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for innumerable other wrecking purposes has proved to be of in- 
estimable value. It has also become a most valuable tool in con- 
struction work, where it is used for cutting structural forms, heavy 
steel plates, steel forgings and castings. For certain kinds of cut- 
ting jobs, machines have been devised for supporting and guiding 
the cutting torch which has enabled cutting very irregular shapes 
with considerable accuracy. Similar machines are also used suc- 
cessfully for a variety of arc welding jobs. These machines are 
automatic in the entire welding operation. 

While the different processes of welding and cutting referred 
to have already been highly developed and perfected and are recog- 
nized as standard processes that may be depended upon, the art 
of welding has by no means reached ultimate perfection and labo- 
ratory research will undoubtedly make possible other methods of 
welding quite as valuable as those already practised. One of the 
more recent discoveries applicable to welding operations is that 
wherein a flame of atomic hydrogen supplies the heat for fusion. 
Oxygen is not used. This process has been worked out at the 
General Electric research laboratory and developed largely by the 
work of Dr. Irvin Langmuir and others. Still other discoveries 
in the use of hydrogen for welding have been announced from the 
Thompson Laboratory at Lynn, Mass.* 

The field of welding has broadened so rapidly that it would be 
useless to try to enumerate specific cases for its application. If 
welding operations were confined only to those of making repairs, 
then the field would be large enough to warrant attention, but 
when they also enter the fields of design and construction, welding 
becomes particularly interesting and demands serious attention. 
One notes with interest how this art of welding is affecting ma- 
chine design. Parts of machines, such as frames, bodies, beds, 
legs, ete., which formerly were made of gray cast iron, are now 
built entirely of steel cut from standard structural shapes and 
assembled into a whole by welding. In many cases this change 
has increased strength, reduced weight and also reduced cost. In 
assembling structural steel frames and for tank construction, 
welded joints are fast replacing riveted joints and are giving most 
satisfactory service. 

This rapid development of the art, with its many applications 
to the manufacturing industries, is demanding the attention of 
engineers in both industrial and educational work. Those who are 
following this art, and can visualize its future development, feel 
that it will be further developed with study and investigation, that 
its present field of usefulness is already established and that it is 
therefore worthy of a place in the curriculum of an engineering 
iniversity. 

_ The extent and thoroughness of a course in welding that may 
be administered as a part of a four-year course in an engineering 
school would be governed somewhat by the time allotted to the 


*Note—“Two New Welding Discoveries” in Power, March 23, 1926. 
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subject and also by the equipment available for demonstrations 
and use by students. It is doubtful if sufficient time could be found 
in a regular engineering curriculum for giving to the student such 
a thorough knowledge of the art that would make him a successfu! 
or a practical welder, but enough time should be given to awaken 
in him an interest in the subject and to point out to him its great 
field of usefulness and to help him to know when he can call! on 
this art of welding to help solve some of his difficult problems. 

Excellent courses of instruction in welding have already been 
prepared by those who have helped to develop the processes. These 
courses of exercises have been arranged to give practice in welding 
from the simplest to the most complicated job. Thorough instruc- 
tion is given in the use and care of al! appliances and also on the 
nature of the gases used for autogenous welding or the electric 
current for electric welding. These courses, with modifications, 
could be well followed in any engineering shop labatory that pro- 
poses to give instruction in welding. Two things, however, are 
absolutely necessary to make the work and the time spent on this 
subject of value. First, there should be an instructor who knows 
the subject, its application to the industries and the processes in- 
volved, and second, the laboratory equipment should be modern 
and ample for handling a class without restricting the use of ap- 
paratus. Instruction should be given by lectures, demonstrations, 
and practice. 

A well-equipped welding laboratory should have a number of 
complete welding stations with all the torches, tanks, tables and 
accessories that are used for autogenous welding and cutting. 
There should be complete welding stations for electric welding, 
showing the different types of are welding machines and resistance 
welding machines. There should be also apparatus for demonstrat- 
ing the methods of thermit welding. In addition to all this welding 
apparatus there should be testing devices for testing the strength 
and physical properties of the welds made. Also microscopes for 
examining the grain structure of the weld and testing devices for 
testing hardness, ductility, etc. There should also be provided 
laboratory equipment for carrying on advanced studies of the gases 
or the electric currents used for generating the heat and for the 
study of occluded gases in the metal which tend to make im- 
perfect welds. A laboratory thus equipped, together with instruc- 
tion given by a competent instructor, would offer a student an 
opportunity to gain information and skill in the art of welding 
that could hardly be equalled in any other way. 

Courses of instruction in welding have already been started in 
a number of engineering schools. Laboratory equipment for both 
gas and electric welding and cutting is available, and good work 
is being done in spite of the fact that because of limited equipment 
and large numbers of students the work must be spread thin. 

The art of welding might be further stimulated by establis)'ng 
at some of the larger engineering universities complete wel: ing 
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schools and it seems that this might be accomplished by agreement 
between the universities and the many manufacturers of welding 
equipment. 

While it is true that the art has been highly developed and its 
application is fully realized, it must be remembered that much of 
its success still depends upon the individual skill of the welder who 
knows how and can make perfect welds. 

There is no question in the mind of the writer of the value of 
instruction in the modern methods of welding given to students 
in engineering universities. The application of the art in the in- 
dustries is already a powerful factor in revising old processes and 
it is destined to enter new fields of application yet undreamed of. 
Such an art should not be ignored. 





Welding Science in the Engineering Cur- 
riculum of the Mississippi Agricultural 
and Mechanical College* 

By ERNEST L. LUCAS*+ 


The Mississippi Agricultural & Mechanical College was founded 
Dec. 18, 1878, under the Federal Land Grant Act and since that 
date its objective has been, without excluding other scientific and 
classical studies and including military science and tactics, to 
teach such branches of learning as are related to agriculture and 
the mechanic arts, in order to promote the liberal and practical 
education of the industrial classes in the several pursuits and pro- 
fessions in life. 

Believing that industrial education is not a special scheme of 
training to be considered as separate and apart from the general 
scheme whereby higher learning is fostered, but that it is rather a 
reshaping of the general scheme whereby the commonwealth seeks 
to develop all classes of its citizens in intellectual vigor in indus- 
trial skill, and in liberal culture—to the end that the industries of 
the people may prosper, that their literature and their arts may be 
encouraged, and that the individual while being taught how to work 
may be fitted for life, the policy of the writer, as well as other 
members of the faculty, has been to give a broad course with con- 
siderable amount of practical work in shops and laboratories, as 
well as the theoretical courses. This theory has the conception that 
every man is a worker, bearing his own share of the common bur- 
den, trained for his work, skilled in the knowledge of his profession 
uid informed beyond it; so that he may be bigger than the means 


vy which he earns his bread, a citizen in whose care the interests 
the nation will be safe. 


‘o be presented at the Fall meeting of the A. W. S., Buffalo, November, 1926 
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The engineering faculty has strived to keep abreast with the 
times and as new developments in science and in engineering have 
occurred, appropriate courses covering these fields have been 
adopted. So it was that in the fall of 1917 the writer offered an 
elective course in “Modern Methods of Welding Metals.” Interest 
in this course grew rapidly and it was soon so popular, the course 
was substituted for one semester of ““Machine Shop Practice” and 
required of all electrical and mechanical engineering seniors. A 
semester at this institution is of sixteen weeks duration, and all 
shop periods are three hours long, or forty-eight hours shop time 
for the course. It is understood, of course, that the time allowed 
is far too short to produce finished welders, which is also true of 
any other shop course offered. 

Each student is furnished with copies of instruction manuals 
furnished by manufacturers of the equipment used here. Record 
cards are filled out in order that students may become familiar with 
commercial practice as they learn to handle the equipment. Our 
equipment consists of a welding torch, cutting torch, lead burner, 
regulators, and hose; a welding and cutting torch; two decarboniz- 
ing torches; several welding tables, vise stand, stock rack, preheat- 
ing torch and truck, built by students from scrap material. This 
equipment is shown in the views, calling attention to the mani- 
folds, and the novel stock rack. Test bars are prepared from 
various materials which have been welded and tested for tensile 
strength. Hammer tests are made to the destruction of the welds 
in order that the structure might be examined. 

Manufacturers of welding and cutting equipment have furnished 
manuals, pamphlets, and periodicals which are great assistance in 
teaching the course and keeping keen the interest of the class. | 
feel very grateful to such concerns, but it seems that these con- 
cerns would realize the value of placing their equipment in insti- 
tutions of this nature and offer more than they have in the past. 

A brief outline of the course as given here follows: 

Period 1. To acquaint the student with the outfit. Lecture cov- 
ering history of acetylene gas, the oxy-acetylene torch, the various 
methods of welding metals, broad field of uses for the torch, various 
designs of torches, purpose and use of each part of the outfit, set- 
ting regulators, adjusting flame, etc. Demonstration: Assemble 
outfit, adjust regulators, adjust flame, change tips, etc. (No time 
for work by students.) 

Period 2. Welding thin sheet steel. Lecture, welding of thin 
sheet steel, various types of joints. Demonstration and work: 
Butt, corner fillet and flange welds. Material: Two plates of steel 
1/16 in. thick, 2 in. x 4in. Welds were broken and opposite edges 
welded. 

Period 3. Continuation plate welding, increasing thickness. Lec- 
ture explaining importance in preparation of stock and use of filler. 
Demonstration and work: Beveling stock, use of filler rod, weld 
plate. Material: Steel plate %% in. thick, 2 in. x 4 in. 
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Period 4. Continuation of work begun in previous period. No 
additional material required. 

Period 5. Cast iron welding. Lecture on structure of cast iron, 
malleable iron and galvanized iron; use of flux and puddling rod. 
Demonstration and work: Preparing metal for weld, lining up, 
clamping, preheating, etc. Material: Cast-iron plate 14-in. thick, 
3 in. x 4 in. 

Period 6. Filling-in and building-up castings and steel. Lec- 
ture, the use of the “putting-on tool.” Demonstration and work: 
Take materials used in Periods 4 and 5, drill 14-in. holes in castings 
and fill-in; build-up a boss on steel plate. 

Period 7. Welding cast iron. Demonstration and work: Broken 
iron castings are prepared for welding, set up, clamped and welded. 
Material: Such machine parts as brackets, gears, pulleys, etc. 

Period 8. Welding pipe. Lecture, method of procedure in weld- 
ing pipe, pipe lines, “tailor-made” fittings from standard pipe. 
Demonstration and work: Actual welding of pipe, making various 
types of fittings. Material: Various sizes of standard pipe. 

Period 9. Bronze welding cast-iron pipe. Lecture, demonstra- 
tion, work: Modern methods of joining cast-iron water and gas 
mains. Material: Cast-iron pipe. 

Period 10. Welding structural steel. Lecture, recent develop- 
ments and tests of welded structures compared with riveted struc- 
tures. Demonstration, work and material: Assembly and welds 
for various types of structural joints of plates, channels and angles. 

Period 11. Brass and copper welds. 

Period 12. Aluminum welds. 

Period 13. Cutting steel, wrought iron and cast iron. 

Period 14. Decarbonizing auto cylinders. 

Period 15. General use of the outfit. 

Period 16. Tension tests of welds. 





The Meetings and Papers Committee invites written dis- 
cussion of any paper appearing in this issue. These dis- 
cussions may be presented in person at the Fall Meeting 


of the Society in Buffalo or sent in to Society headquarters 


to be read at the meeting. 























Welding of Locomotive Parts by the Oxy- 
acetylene, Electric, and Thermit Processes* 
G. H. GJERTSEN+ 


As it would be impossible to cover the entire field of welding of 
locomotive parts by the three principal processes, namely, the oxy- 
acetylene, electric and thermit, the contents of this paper will be 
confined as much as possible to the major welding operations and to 
such other operations that are most common in the general con- 
struction and maintenance of locomotives in general. 

The large number of parts and variety of the metals involved 
will no doubt allow room for interesting discussion regarding the 
most practicable and most desirable method to use, where adequate 
equipment is available, and competent operators are at hand to 
carry out the work to the best advantage on work that may be 
successfully performed by more than one of the processes outlined. 

The choice of method to be used should only be made after due 
consideration of several factors, such as the kind of metal to be 
welded, the size and character of the part, the location of the break, 
if it is to be welded in place andthe cost of doing the work, bear- 
ing in mind that the first cost must be considered in the light of the 
relative qualities of the weld in service. Gas welding, electric weld- 
ing and thermit welding each have their advantages in their field 
and are capable of accomplishing some particular operation better 
than another method. 

In railroad work the thermit is almost entirely limited to the 
welding of engine frames, while the oxy-acetylene and electric arc 
cover much the same field in the welding of many of the steel parts. 
No definite limit can be placed on the use of any of these processes 
where either may be used with success. If equal results can be 
obtained it is of course desired to use the process with which the 
work can be performed most economically and to the best advan 
tage. The general run of castings and parts made of cast iron, 
brass, bronze, aluminum, etc., (non-ferrous class) are welded with 
the oxy-acetylene process. In cast iron, many heavy sections, how- 
ever, such as are sometimes encountered in repairs to shop ma- 
chinery are successfully welded with the thermit process. Other 
heavy cast iron sections such as cannot be properly preheated for 
either the oxy-acetylene or thermit process, are repaired by the 
electric are process using the usual system of distribution of stec! 
studs about the welded junction. 

As is noted above the welding of heavy cast-iron parts may | 
accomplished with anyone of the three processes. The proces 
selected depending on the outlined conditions. However, general!) 
_ speaking, where the conditions are favorable for proper preheati! 


*To be presented at the Fall Meeting of the A. W. S., Buffalo, November, 1926 
+Master Welder, Northern Pacific Railway Co. 
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and execution of the work, the oxy-acetylene process is preferred 
in the welding of cast iron parts. 

In compiling a list of parts on which fusion welding has become 
standard practice, in the construction and maintenance of loco- 
motives, it is, of course, only possible in a limited space to touch 
on the major applications and such cther applications as are most 
commonly performed in general routine work in the shops. 

The process selected in the welding application on steel parts 





-Broken locomotive drive wheel on left pemnieee Aad oxy-acetylene welding as 
¥. on the right. Cost of welding and finishing $24.! Estimated saving $225.45 


where either the oxy-acetylene or electric arc process may be used 
will no doubt offer much room for discussion. 

It must be borne in mind, however, that all operators are not of 
the highest skilled type and able to do full justice to the process 
they represent. The proficiency of the operators, whether it be 
good or bad, whether it be gas, electric or thermit, many times 
results in the establishing of practices that are not entirely jus- 
tified, or based on actual results that could be obtained. 

The equipment and facilities with which to perform the work 
must also be considered, as few railroads are fully or adequately 
equipped to do their work at all points with all of the three proc- 
‘sses to the extent that the lowest figures in economy can be 
effected. Where equal or satisfactory results can be obtained, the 
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selection of the process to be used should, of course, be based on 
the costs of the application. 

List of parts covering the most common applications of fusion 
welding in the construction and maintenance of locomotives: 


Eecembetive cea ie ih oko sick DEERE ENS ESN v0 5 ES Oxyacetylene process 
op ae a Ee ee ta ee eee Gas or electric (optional) 
Motion work (building up worn surfaces)..............00. ec ee eeeeee Electric 
Building up locomotive piston heads (mang. bronze).................... Gas 
Building up air pump piston heads (mang. bronze).........-..+.0+000-. Gas 
Building up locomotive guides................ Electric (automatic operation) 
Building up steel drive wheel centers (diam)..Electric (automatic operation) 
Building up trailer wheel centers (diam)..... Electric (automatic operation) 
Building up steel driving box flanges......... Electric (automatic operation) 
Welding spokes driving wheel centers (cast iron)................ Gas process 
Welding spokes trailer wheel centers (cast iron)................ Gas process 
Welding spokes trailer wheel centers (steel)................ Gas or electric 
Welding spokes driver wheel centers (steel)................ Gas or electric 
Building up worn engine truck jaws (cast fron)...............seeeeee5s Gas 
Building up worn engine truck boxes (cast iron).............eeeeeeee-. Gas 
Building up broken lugs driving boxes (steel)............... Gas or electric 
Building up broken lugs driving box cellars (cast iron).................. Gas 
Wren SeGie Grie: CRUG COMME... kok. obese eseescugeawsisss Gas 
Weems Dreies Cart CE COUTTS oc kik oc cere css cau eebbbebeves Gas 
Welding broken driving box cellars ............... ccc ccwnvescccceces Gas 
ES ayy Pert Gas or electric 
Building up broken lugs air brake Cylinders. .. 1.2.2.6. cc secceesenseens’ Gas 
Building up broken lugs air brake reservoirs..................eeceeee0s Gas 
Repairs to injectors and lubricators ... 2.605... 26s cet ccceccbbicc.- Gas 
er en es Ge rem BUN oS nia 5s 6 dc woe ic be ye Beebe oe Gas 
ee ae es res ee Foe. is ov od ba dc dake vene Gas or electric 
See. Se Os, Cha vane sede dec cbncsceaes Gas or electric 
EE le ls Son os SEIS, gems hob i0 co ee ee aR Ae ORLEANS. Gas 

ee OO I a Fat Gd Rete Caps 6 > dic ack c cwhakkeeek boas Gas 

ne ee Oe. ios we vs eo Pewbd wane Chae Gas 
Welding and building up on spring saddles................. Gas or electric 
Welding and building up on engine truck swing links........ Gas or electric 
Building up lateral main rod brasses.........:....cecccseccccccchecs Gas 
Welding locomotive frames ...............,....%.05. Thermit, gas, electric 
Welding etgine truck frames ...............ciceccucccccee Gas or electric 
Welting UE NYS Suet chia SiMe 50 6s ivSlas bos ceshbscurs es ck beaeeecie. Gas 
Bufildimg up-worn stoker screws......:.... 0.0.0... cccccecce Gas or electric 
ON SONU ON MNO MO, nc ab ai oes on vac duck cceeeeee Electric 
SOO ED UE oe Ua od wet euetrctean.sdkew.c.. ...-Gas or electric 

Car Work 

SE nals ahaa 6 d'aa doce noe SRA ad Pedi uk wbiied c& Fad Gas or electric 
EE ia hv inc adtw enc kes CEE Oc tli eak th chs Gas or electric 
RI ACh a 0543 4 > 2b ca a's A ldo de chek ee Gas or electri 


EM ee See tM De RE a Ra OY QE RP a Gas or electric 





Fig. 2—Cast steel wheel press repaired by 
and finishing $287 Estimated saving $663 


electric welding. Total cost of we 





1926] WELDING OF LOCOMOTIVE PARTS 25 


Axles (end collars) 
Truck pedestals 
Air reservoirs 
Center plates 





Fig. 3—Building up guides by automatic arc welding 


Fig. 4—Building up driving wheel centers by automatic arc welding 


In calculating the economies effected by welding, it is necessary 
0 keep extensive records at least for a sufficient period of time 
o strike a fair average of the varying conditions under which the 
work comes in and is executed, as well as from the service rendered. 
Che cost of making gas welds, for instance, can be arrived at by 
hecking the time required to do the work, the quantity of gases, 
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welding rod, etc., used, and the cost of finishing the work after the 
welding is completed, if further finishing is required. 

The cost of making electric welds can be calculated in the same 
manner, excepting that the electric energy or current used, must 
be checked instead of the gas which is used with the oxy-acetylene 
process. The rating of the welding set or tables provided for this 
purpose may be used in calculating the current used, or this may 
also be determined by the use of a meter. 

With the thermit welds the time is checked, the weight of ma- 
terials used, etc. In addition to this, in making welds with any 
of the three processes, it is, of course, necessary to include the cost 
of preparing the work, such as cutting out the vee, chipping or 
sandblasting, preheating, annealing, as well as the necessary dis- 





Fig. 5—Repair of locomotive frame by 
Thermit welding 


mantling, etc. Scrap value and overhead should be included. 

If, for instance, the repaired job is a casting, it should be given 
a value rating as compared with a new one, as all reclaimed ma- 
terial cannot be considered to be of the same value as new. 

A few examples of savings effected on some of the major opera- 
tions may be noted following: 


Total Total Cost to Total 

Cost Weld, Including Scrap Total 

New Overhead Value Saving 
6—drive wheel centers... .$1,500.00 $147.31 $90.00 $1,262.69 
6—loco. cylinders ........ 5,300.00 740.13 540.00 4,019.04 


6—eng. tender bolsters... 630.00 124.92 67.30 437.78 
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In order that the success and economy of the various welding 
applications may be definitely known, careful and complete records 
must be kept of all of the sufficiently important operations. 

Those responsible for the application and use of the various 
welding processes must be in a position to know definitely the 
results in service, in order that the extending and developing of 
this work may be handled wisely and to best advantage. 





i—Broken cylinder repaired by gas welding. Center picture shows method of 
preheating Cost of Weld $71 finished. Estimated saving $691 
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While it would be impossible to keep records of the numerous 
minor operations performed, yet all of the major and important 
operations, such as firebox work, locomotive cylinders, frames, 
car work, etc., should by all means be recorded. Where stamping 
is practicable, this may be done, showing the date and name o! 
place where weld was made, also the operator’s initials or identity. 

Failures of welds should be made known to those in charge wher« 
the work was performed, and they in turn make it known ‘to the 
welder that performed the work in order that the cause of the 
failure may be determined. By careful following up any. work 
that has not given satisfactory results, all concerned will be more 
on the alert to improve the work. It will likewise make it possible 
to determine the success of the practice. 





Fig. 8—Bells, injectors, switch stands and jacks sue- 
cessfully repaired by gas welding 


The inspection of welding must necessarily be largely a matter 
of observation, both of the operator while he is at work and of 
the appearance of the weld. Other tests, except in the case of 
pressure vessels, depend upon the destruction of the weld an‘ 
are, therefore, inapplicable. 

A competent welding instructor or supervisor can readily t«!! 
whether an operator is qualified or not to perform the work «:>- 
signed to-him, and none but competent operators should be allowed 
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to handle important jobs. The ability of welders assigned to do 
important work should be further ascertained by sample welds 
submitted to laboratory tests. 

Wonderful progress has been made by the railroads in the last 
few years in the application of the fusion welding processes. How- 
ever, much still remains to be done before the full economy and 
value of each individual process can be realized and the work ex- 
tended to the fullest extent practicable. 





The Organization of Welding on the 
Railroads* 
F. H. WILLIAMS? 


Generally, for the last few years, throughout the United States 
and Canada there has been a tendency toward the adoption of 
electric welding as a standard practice for about 80 per cent of 
the welding done, the balance of the welding (20 per cent) and 
the cutting is left to the oxy-acetylene, although there are some 
places where the electric are is used for cutting of rivets, plates 
and cast iron. 

Owing to this increasing use of the electric arc as well as the 
electric current in welding, the Welding Committee of the Asso- 
ciation of Railway Electrical Engineers compiled a Manual of 
Electric Welding and Metal Heating (Instructions and Recom- 
mended Practices). It was published in 1926 in loose leaf form. 

Its adoption is recommended, especially to railroads who wish 
to avoid unnecessary experimenting, loss of time and material, 
and who wish to salvage considerable worn and broken parts of 
locomotive and car equipment. 

The following is a portion of the “Foreword’’ of this Manual: 

“The following instructions and recommended practices are for 
the guidance of those whose duties involve the application of elec- 
tric welding and metal heating, the object of such instructions 
being to obtain successful welds and uniform results, insofar as 
it is humanly possible to do so. 

“The instructions are confined to are welding, spot welding, butt 
welding, rivet heating, metal furnaces and heat treating, as used 
in connection with established practices on railroads. This manual 
'o date does not include every job that can be are welded, but does 
include many typical jobs that have been and are being success- 
fully performed. 

“While it is not practicable to cover all of the many uses to which 
ie processes can be applied successfully, it is felt that with care 

nd adherence to proper methods of application the extent of use- 

Iness of the arts will be practically unlimited. This is dependent 


*To be presented at Fall Meeting of the A. W. S., Buffalo, November, 1926 
\ssistant Test Engineer. Canadian National Railways 
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upon a full understanding of the processes and their application 
to metals of different character, as well as the service require- 
ments of the parts involved. 

“Successful results are dependent upon consideration of these 
factors together with the exercise of human skill and ingenuity. 

“The manual is arranged in sections to facilitate future re- 
visions, these being indexed for convenient reference.” 

Copies of the manual, described above, may be obtained from 
Mr. Joseph Andreucetti, secretary of the Association of Railway 
Electrical Engineers, Electrical Engineer of the Chicago & North- 
western Railway, Terminal Station, Chicago, IIl. 

The following is the organization of the welding and the gen- 
eral practice followed on the Canadian National Railways, and for 
the most part was the practice on most of the American Railroads: 
The Organization of the Welding on the C. N. R. 
Training of operators. 
Inspection and testing of work. 
Selection and material for welding. 
Design of parts to be welded. 
Organization of supervisory force. 
Standard instructions for welding. 
Control of welding method and procedure. 
. Check on service results. 

I. Economics. 
“A.” Training of the Operators 

The type of men required for operators who can be depended 
upon and who are reliable are those who are painstaking, thorough 
and conscientious; this type of man is preferable to those so-called 
smart men. A man who has had a fair amount of mechanical 
training in either the blacksmith’s, machinist’s or boilermaker’s 
craft should be the man picked to be trained for the respective 
kind of work he will have to perform. 

(a) Training an Electric Welder 

In starting to train a man as an electric welder, he is first taught 
the principles governing the electric arc. He is then instructed 
how to start and stop thé generator set. Next he goes for several 
days with an experienced welder to take note of the methods used 
in welding different parts, following which he is given the electric 
welding outfit (electrode holder, electrode) connected to a source 
of supply of proper electric energy and instructed to familiarize 
himself with the knack of drawing an arc, holding same when 
struck and taught how to keep the electrode at a steady and proper 
distance (1%-in.) from the part being welded and still maintain 
a steady feed. After he has mastered this he is then instructed 
to weld a bead following a straight line and shown the meaning 
of proper penetration by demonstrating the difference between 
the long and short arc. He is then given beveled plates and shown 
the way. to allow for expansion and contraction, after he has 
mastered this and shown that he can maintain proper penetration, 


PO Pat BO > 
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he is then given instruction in vertical, horizontal and overhead 
welding. He is then taught the difference in the electrodes to be 
used on different classes of metal. 

A man’s’ work on what is too commonly looked upon as unim- 
portant work should be carefully watched and he should be taught 
the importance of what looks like an immaterial job. If an oper- 
ator takes as much pains in plugging a hole in some minor part 
of a locomotive or car as the average man would do in welding a 
frame or boiler you have the best material for a first class operator. 
(b) Training An Oxy-Acetylene Welder 

The foregoing article, on the personnel of the electric welder, 
applies to this process also. 

When the workman is selected, he is given the necessary instruc- 
tions in regard to fitting up his hose and connections where the 
shops are equipped with pipe line, and where portable outfits are 
used he is instructed in the proper use and care of oxygen and 
acetylene regulators. The welder is then instructed in the use of 
the cutting torch, shown the proper pre-heating flame and as neariy 
all equipment manufacturers supply, a chart showing the size of 
nozzle and oxygen pressure required for various thicknesses of 
plate to be cut, the operator consults this chart until he has them 
memorized. He is also taught the necessity of using the minimum 
preheating flame consistent with speed and also the minimum oxy- 
gen cutting pressure to use to insure a clean, narrow cut; after 
the man has become familiar to the operation of the cutting torch 
and the necessity of always having all acetylene and oxygen hose 
connections and torches absolutely free from any leakages, he is 
warned of the explosive properties of acetylene and the inflam- 
mable risk that is always present if oxygen gets into contact with 
oil or grease, also that no lubricant other than glycerine should 
be used in packing valves, etc. 

The welder is then instructed in the use of the welding torch. 
He is shown how to establish the neutral flame and impressed upon 
the necessity of this being kept neutral. This is demonstrated to 
him by having him weld a test piece with each of the three flames, 
viz.: Neutral, oxidizing and carbonizing flame. He is then in- 
structed in cast iron welding, shown how necessary it is to have 
the surfaces to be welded perfectly clean, the proper opening to 
insure perfect accessibility of the flame to the walls of the piece 
to be welded, the proper lining up and the proper allowance for 
expansion and contraction. He is taught the necessity and ad- 
visability of always preheating all pieces where possible and the 
absolute necessity of slow cooling to prevent shrinkage cracks. He 
is Shown how to break down the walls of the chamfer and to puddle 
into the resultant molten metal, his filling rod and the proper use 
and properties of the flux used. After he has mastered this 
rocess, he is instructed in brass welding and brazing, then in 
he brazing of malleable and gray iron castings. 
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The welder is then instructed in welding of wrought iron, cast 
steel, boiler plate and alloy steels. 

All men when being instructed should be carefully watched, and 
when found that on certain metals they show more adaptability 
on them than others, they should be further developed along that 
kind of welding if quantity of work permits. In other words. 
wherever the specializing of the welding can be done, it should. 
“B.” Inspection and Testing of Worl: 

Welding in the Montreal shops of the Canadian National Rail- 
ways is under the control of a welding foreman, who is responsible 
for the work in that line. He oversees all work to be done and 
the completed work; he inspects work while under way and checks 
up any improper use of torch or arc. Each welder has to weld 
one square test bar and one test piece of boiler plate every six 
months, and great keenness is shown by the operators to beat the 
other man’s work; reports of each test are shown opposite the 
operator’s name and same are posted on the notice boards in the 
welding shops. These reports show: Tensile strength, yield point 
and elongation in 8 in. in plate and 2 in. in test bar. 

Also see Appendixes IV, V, VI, VII. 

“C.” Selection of Material for Welding—See Appendix III. 
“E.” Organization of Supervising Force 

The welding operations in general on the Canadian National 
Railways, in so far as they concern motive power and car equip- 
ment, come under the control of the chief of motive power and 
the chief of car equipment. Then through the general superin- 
tendents of motive power and car equipment down to the super- 
intendents of motive power, or of car equipment, of the various 
shops as the case may be; then to the shop personnel, as it is best 
suited to the layout of the shops concerned and the operation of 
the same. 

At the C. N. R. shops, Point St. Charles, Montreal, P. Q., there 
is a welding foreman in charge of all the welding, assisted by a 
man who ranks as a charge hand. These two men supervise and 
are responsible for all the work that is done at the shops at the 
above named point. There are several service men from the com- 
pany who supply the gas and materials for the oxy-acetylene we!d- 
ing, who assist and advise regarding that portion of the work. 
The electrical welding is to a considerable extent under the elec 
trical engineers of the C. N. R. 

Research work is done by the assistant engineer of ieiate, and 
any failures are reported to him together with pieces of the failed 
material or parts. 

Tensile tests and all chemical analysis is done by Milton Her:e) 
Co., Ltd., consulting engineers and chemists. 

Any reports on failed material are made up in triplicate, »n¢ 
copy going to the official sending in the material and one cop. |s 
sent to Mr. C. E. Brooks, chief of motive power, Montreal, | Q. 
The other copy is kept on file in research laboratory. 
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“F’.”’ Standard Instructions for Welding 
These are all embodied in the maintenance regulations, which 
are included in this paper. See Appendix II. 
“GC.” Control of Welding Methods and Procedure 
These also are included herein, in the maintenance regulations. 
See Appendix II. 
“H.” Check of Service Results 
Records of all frames, cylinders and boiler work that have been 
welded are kept by the welding foreman, and in case of failure 
he has the operator’s name and where possible a section is cut out 
and the cause of failure is shown to the welders and they are in- 
structed how to guard against a recurrence of such failure. 
Wherever possible, all welded work is examined by the welding 
foreman when the rolling stock is in the shops for the usual ser- 
vice repairs and the condition of the welds is noted. 
All frames and cylinders that have been welded are stamped with 
shop abbeviation number and the operators’ numbers, and a record 
of this is sent each week to the shop superintendent with the date, 
engine number, location of break (whether in old weld or a new 
break), welders’ names, class of electrodes or welding wire and 
remarks. 
“Tl.” Beonomics 
The economies effected by thermit, oxy-acetylene and electric 
welding are very great and numerous. 
Engine frames are sometimes welded without even dropping a 
pair of wheels. The frame is cut out, where broken, with the oxy- 
acetylene torch, rewelded and put into service again at a cost of 
less than it would have taken to strip down the frame for a forge 
weld; taking into account the time saved by placing engine back 
into service, the cost of bolts, etc., the saving over the old practice 
is over 100 per cent. 
New front end sections are applied by removing leading driver 
and truck wheels, cutting off old section at center of leading jaw 
and welding the new section in, thereby saving the removal of 
the other wheels and frame bolts. 
Broken cylinders are repaired in place at a fraction of the orig- 
inal cost of the casting, saving the removal of the saddle, splice 
and frame bolts. 
Motion parts are built up. Piston heads are built up where worn 
with manganese bronze, turned up and put into service again at 
less than the cost of renewing same. The actual saving being 
d3', per cent, besides improving the service, the bronze being 
superior to the cast iron head. 
In fact nearly every part of the locomotive is now repaired by 
one Or more of the three recognized processes of welding. 

In boiler repairs a great saving in money and labor is effected 
as Shown in the following: 
Superheater flues are welded in and in good water districts the 
aller tubes are also welded into the flue sheet. This saving is 


id 
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extended to the roundhouses where the time and labor saved is 
‘considerable due to the welded-in tubes. 

Broken mud rings are welded by the simple process of burning 
out the plate covering the ring, cutting out the crack in the ring, 
having the vee chipped clean as well as the adjacent edges and 
then welded, the plate or plates removed are also welded back in 
place. 

Cracks and patches are welded in, eliminating the expense of 
patch bolts and the cost of applying the same. 

Half side sheets, crown sheets, tube sheets and back sheets are 
welded in, eliminating rivets, the punching or drilling of the rivet 
holes in the flanges; the only rivets being in the foundation ring. 
By being butt-welded, the double thickness of plate in the fire line 
is eliminated. The flanges no longer check outwards from the 
rivet holes. The removal of the stiffness of the double plate allows 
a more even working of the fire box under the expansion and con- 
traction strains. 

Very often the lower half of a back tube sheet is in good con- 
dition when the upper half has been condemned. The practice is 
then to cut out the upper half of the sheet and weld in a new sec- 
tion, thereby saving the renewal of a hundred or more stay bolts 
and rivets. 

Broken buffer beams and back bumping rails are welded when 
possible without removing main portion of same. 

Steel and gray iron castings that have been broken or worn are 
reclaimed often at a very small fraction of replacing by new 
castings. 

Also see Appendix I. 

Conclusion 

It would take considerable time and space to enumerate all of 
the economies in time, money and material that can be effected 
by the use of thermit, oxy-acetylene and electric welding processes. 
The actual figures would be very hard to obtain, as working con- 
ditions, cost of materials and labor vary in different localities, but 
under even the most unfavorable conditions, welding, by the abov: 
mentioned processes, is a- great economic factor in both time and 
money to any railroad. 





APPENDIX I 


Economics 
These savings are based on American prices at time work was don: 


DUPLEX STOKERS 


Parts reclaimed by welding. Stoker shaft electric 
welded 
Pe I EC nn es cca ne @dbdndticae tvecces $16.40 
8 per cent store EXpense........ ccc ccc ccc eee eace 1.31 






















1926] WELDING ON THE RAILROADS 35 


3 Reclaiming by welding 
‘ Welding one hour at $1.50...............0 ec eeees $1.50 
Machining to size 1% hours at 70c.............. 1.05 
g 38 per cent shop expense. .........cceeeeccceecces 0.37 
By BR es BREW, t Coun. hase... oss eens $2.92 
d SE ae as ee 14.30 
n 
Stoker elevator electric welded 
f Se SN ID 6 nab sas no nates #0000 0.4.06 o.08 99.00 
; er OG Ie SS aioe so cwer coon nccccccce 7.92 
e $106.92 
” Credit for scrap 194 lb. cast steel at $12.25 per ton. 1.06 
y. EE Ske nd a AOA Mince ae AS. 4 nies & 04 bee 0564 $105.86 
e Reclaiming by electric welding 
e meme CWO. TOMER BE Bites ccs 5 cece eee wean $3.00 
Machining to size three hours at 70c.............. 2.10 
'S Ee ee ee eee 0.80 
- pa a 
$5.90 
i ete Poe e eee tank ot oats ees 99.96 
l- 
is PISTON HEAD 
: Piston head reclaimed by welding all classes of engine, 
S Class “P.” Weight in rough 
500 ib. cast iron at $6.06 cwE... 02... 2. ccc ceeee $20.25 
n 1% per cent store expense...............;. can 1.52 
$21.77 
e Machining 
x Turn, bore and groove, three hours at 70c........ $2.10 
Return and fit to cylinder, two hours at 70c....... 1.40 
A a 1.33 
$4.83 
: | RR BO ee Sos Ll ae aa 26.60 
iI Scrap 480 lb. C. I. C., $16.96 net ton.............. 4.07 
d — 
: oo ee $22.53 
- Reclaiming by acetylene welding 
it Labor welding, three hours at $2.50.............. $7.50 
Remachining one hour at 70c.................... 0.70 
38 per cent shop expense.............0..0eeeeeees 0.27 
MPUOMEO, 1G Ue, WOE BE GEC. occ ccc ct cwcwens tase 4.6) 
es i esac e | $13.07 
AES 4a) aa 5 9.46 


Average five piston head per week. 


TENDER TANK AXLES 


Tender tank axles welded by electric 
New material, one axle, 5% x 10 in., 820 Ib., at $3.25 


DUPE: 6 cin. k 6s Wie OG eh RAED cae s kwad cca e cccsec $26.65 
2B ES DEE Oo See ee 2.00 
$28.65 

Labor, 1% hours’ turning at 70c................. 1.05 
38 per cent shop expense... ............ecccececes 0.40 
$30.10 
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Reclaiming by electric welding. Material 


5 lb. S.W., 3/16 in. S.W., at $8.00 ewt.......... 
9 K.W. current used at 2c. K.W.H............. 
7% per cent store expense on 40c............... 


Labor 


Three hours welding at 75ic................+6.- 
i a SR IG POe a. CU osc betes eco cece 
ee ee eee Pe re 


BURGE id twais esa ae Vib CO ei Atas ki 


Tender tank axles welded by acetylene 


New one axle, 5% x 10 in., 820 Ib. at $3.25 ewt.... 
Te MOF COME BOOTS GUMOTING. oc vend ccescsccccescs 


Labor, 1% hours turning to size at 70c......... 
Be DOT GUNG GOP GRPOMRS... .. 6.6. 0% one neds cca 


Reclaiming by acetylene welding 


Material, Norway steel, 4 lb. used at 14c. per lb.... 


Kerosene, two gallons at .074 
7% per cent store expense 
Labor, preheating % at 75c 
Welding, 3 hours at 75c 


Turning to size 1 at 70c 
Shop expense 38 per cent 


Credit 750 Ib. scrap at $10.50 per ton 


Net saving 


AIR PUMPS 


Air pumps, one 11-in. air pump cylinder 
Purchase price 
8 per cent store expense 


Scrap, 200 Ib. cast iron, $19.50 per ton 


Reclaiming by acetylene welding 


Preparing for welding, % hour at 70c 
35 per cent shop expense 


Rig 8 NSS EN AE Sa ee 


ee ee ee ee a 
ee 


i a ae | 


ee es 


+e ee ewer 


a ee a | 


[Octob er 








$56.13 
4.49 





$60.62 
1.80 


$58.82 


$0.35 
0.12 


$0.47 
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Welding and heating, five hours at $2.50.......... $12.50 

EE cal 5h ae anc oa ae Bama.» doles > aa sd $12.97 

Se I on, CO RE ee as eV ease ec $45.85 
BRAKE CYLINDER 

PRUGMAOD WEIOO- dh Sati ea od i sas oe ce ccceces $15.24 

SiPSF CONS COTS SEPIG. oe si rete wees amsccccnes 1.22 











$16.46 
Scrap, 115 lb. cast iron, $19 per ton.............. 1.00 
$17.46 

Reclaiming by acetylene welding 
ee A ae eS $2.50 
Se SE. . cn naan eens i ao 3 eam <0 8 $14.96 

ENGINE BELL 
Weight in rough, 150 lb. brass at 19%c........... $29.06 
Stowe expense © Per COWS. . oicc sede dde se dedccccbcs 2.32 
$31.38 
Machining, turning 8 hours at 51%c................ $4.12 
- Fe Se ee | Se ee aS 0.39 
35 per cent shop expense ..........-..--045-- a 1.57 
$6.08 
PE Gi nte-s cure es on 6 Bae dae oo sess . $37.46 
Credit for scrap brass at 13%4c...........0.0--005: 18.64 
me NS 7 Sak ek atin phates os an uiare $18.82 
Reclaiming 
Welding 2% hours at $2.50..................62... $6.25 
Turning after welding % hour at 51%c.......... 0.26 
35 per cent shop expense...........eseecsecseees 0.09 
, $6.60 
er ee a CO ee $12.22 
INSPIRATORS 

ee ae et .. $81.40 
an rn ND GU ES ss ad's ehln poe avsnse WAN 6.51 
$87.91 
Credit for scrap brass at 14c.................005. 4.20 
$83.71 

Reclaiming welding by acetylene 
ey EE ee ee P 7.50 
Machining after welding 3% hours at 70c........ 2.45 
38 per cent shop expense................. nite Pas 0.93 
$10.88 
Net saving by welding.................. .»« $72.83 

FIRE DOOR PLATE 

UD SND. Fe cds Wade ko ask os nos cece. . $14.94 
S Par Cunt store CXPONOS. . oo css ccc ccc cbawcicess 1.20 
$16.14 
Serap, 51 Ib, cast iron at $19.50 per ton........... 0.46 


$15.68 
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Reclaiming by acetylene welding 
cee for welder % hour at 70c 
Welding one hour at $2.50 
35 per cent shop expense 


Total net saving for one plate 


LITTLE END KEYS 
Weight in rough 
5 lb. soft steel at $2.45 cwt 
7% per cent store expense 


Scrap, 3 lb. soft steel at $10.50 per ton 


Machining 

Forge, % hour at $1.17 

Lay off, 1/3 hour at 70c 

OE SS OSE SRR ee ie Se ee 
Turning, 1% hours at 70c 

Se ee POM ME RIO i wise ce ves web F PORTIS 
Fitting up % hour at 70c 

38 per cent shop expense 


Reclaiming by electric welding 
Welding % hour at $1.50 
Fit and grind 1% hours at 70c 
38 per cent shop expense 


Net saving 
Average 8 per week. 


ONE KNUCKLE PIN 
Weight in rough 


15 lb. forged iron at $8.53 cwt 
7% per cent store expense 


Serap, 12 lb. at $10.50 per ton 


Machining 
a Se OE EID bcs sc ruwas cae needa ewaeeey% $0. re 
Lay off % hour at 70c 
Turn 2% hours at 70c 
Drill % hour at 70c 
33 per cent shop expense 


Reclaiming by electric welding 
Welder 1 hour at $1.50 
Turn 2 hours at 70c 
38 per cent shop expense 


Net saving on one 


ONE LINK BLOCK 
Weight in rough 


10 Ib. bolt iron at $5.02 ewt 
7% per cent store expense 
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Machining 
ee ae MOM OS OLD. oc ckcasasenseesacecesves. $0.29 
Bore and face 2 hour at 70c...........0.ceeeevees 1.40 
a ee eee ee 0.23 
ES EO a errr 1.75 
Shop expense 40 per cent..........--.-.20+- eee: 1.47 
$5.68 
Scrap 8 in. bolt iron at $10.50 per ton............. 0.04 
5.64 
Reclaiming by electric welding 
Wreeeine®, 4% hour at. SLO. iin ccc eee ccc ccctces $0.75 
Fitting and grinding, 1% hour at 70c............. 0.87 
ee ne ea ey oe 0.35 
~ $1.97 
ey GAR Ay eer. 2 6 ge ee a $3.67 
ONE X HEAD PIN 
Weight in rough 
62 lb. forged iron at $8.53 cwt...............26-- $5.29 
7% per cent store expense...........0..0eeeeeees 0.40 
$5.69 
Serap, G0 Th. at $10.50 per Getic cncwicccccc ccc cceas 0.25 
$5.44 
Machining 
OD” Se a a ee $1.27 
PE, OF WOU OS FOO. i Se SW elise eee eres 3.85 
ee EE SOE GP GER id Os Ge i csidlnd ce tcs coed 1.96 
$7.08 
5.44 
on $12.52 
Reclaiming by electric welding 
Wee h  OUE OG ae b ae scsi cd ss eS b be veces $1.50 
pe pe a ere eC Tee eee 1.05 
a eer ae ere 0.40 
$2.95 
eS ee re $9.57 
ONE BRAKE BEAM 
Weight in rough 
275 lb. forged iron at $6.91 cwt................. $19.00 
© Par Gent Gorse: GUPOMOS. Si ieee ie ees 1.52 
$20.52 
SE EEE SI UG RULE Es oc cc ece tect ccccccee 1.52 
; $19.00 
Machining 
ee SI A Oo er Os ss coc ccc esses $3.81 
Pee. 2 Denn ab SLAG bis i ieee cee 2.92% 
PEMEy WO MOUE BE TOC... nrinscamercccccevescess 0.17% 
ee eg cw eee cc eevee 0.79 
35 per cent shop expense.................4... 3.04 
$10.74 
RE ig, WUE CUT IM el ei is... $29.74 
Reclaiming by electric welding 
Welding, 2% hour at $1.50..................... $3.75 


CO . 25.99 
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ONE ENG TRUCK SWING LINK 
Weight in rough 


50 lb. cast steel at $7.18 cwt.. 0... cc cecceccevoses $3.59 
Sper cont Shove GRPORSC. 2... nc checkin dnc tuedes 0.29 
$3.88 
ee We a Ey RR ee re 0.27 
$3.61 
Machining 

ee oe Coin ae iwc bua owen $0.70 
Eee, ee Oe OE WIG Ge o's ss data Gere HERE WAA OS © 0.16 
38 per cent shop expense....... 2... cece ssceccces 0.33 
1.19 
$4.80 

Reclaiming by electric welding 
.. GB. UR Oe eee oe $0.75 
Ms Se WE Ce Pease test ek oe ccpccess 0.35 
Se. DOE COMG Wee MONEE. oe ate ncccsesccsusce 0.13 
$1.23 
Sep SI A ee ee eS ed sen $3.57 





Appendix II 


MAINTENANCE REGULATION* 
Oxy-Acetylene Welding and Cutting 
1. General Instructions: 


Welding on boiler work or on pressure containers of any de- 
scription must only be done by competent welders who have been 
thoroughly instructed and have shown by work on test pieces that 
they can produce a thoroughly homogeneous weld, and have satis- 
fied the foreman or instructor that they are conversant with the 
principles governing expansion and contraction in welding, and 
are sufficiently proficient as to be able to detect poor amalgama- 
tion of the metal during the process of making the weld. 

A properly welded joint should be equally as strong as the plate 
without reinforcing, or building up in excess of the original thick- 
ness of metal, and is preferable in order to obtain ductility and to 
avoid undue strains due to differing thicknesses of metals. 

Poor amalgamation can be detected by the molten metal of the 
welding rod overlapping the prepared surface of the base meta! 
and running onto the comparatively cooler portions, creating a 
lamination, and is also to be detected during the cooling of the 
weld by this not being uniform in color, dark spots developing firs’ 
where complete union of the metal has not been made. 

After any portion of a weld has been made and before such weld 
is continued, the first portion becomes coated with oxide and slag 
and it is essential that the termination of the previous portion 0! 


. 





*Enitor’s Note: These instructions are reproduced from the Standard Loose Le: 
Sheets furnished by the Canadian National Railways to show the completeness « 
such instructions. e drawings referred to are therefore not included by the autho! 
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the weld must be properly prepared for the reception of new metal 
by heating sufficiently to float off such oxide or slag, which other- 
wise would be included in the weld. 

For the same reason no welding rods must be used that are 
coated wholly or partially with rust, and any rods found in this 
condition must be thoroughly cleaned before being used. 

Any indication of defects must be taken care of before pro- 
gressing with the weld by thoroughly floating out the defective 
portion and refilling with new metal, but in no case must a weld 
be gone over a second time on the top of the original weld as this 
sets up stresses with serious after results and is the cause of in- 
clusion of oxide. 

In no case must that part of the flame known as the “cone’”’ come 
in contact with the weld, as the cone consists of unmixed gases and 
if this touches the weld, it results in inclusion of impurities. The 
cone must in all cases be held approximately 14-in. away from the 
molten metal. 

Welding must only be done when conditions are favorable and 
no other work such as riveting, tapping or use of air guns must 
be undertaken while welding is in progress, as the vibration thus 
caused prevents proper union of the metals. 

In welding, the sheets or other parts to be welded must not be 
in actual contact, a space must in all cases be provided and main- 
tained as laid down in the detailed instructions for the various 
items of work, and the necessity for such space, which provides for 
proper penetration, is one of the most important features in con- 
nection with a weld. 

The preparation of the surface to be welded must also be prop- 
erly undertaken before actual welding is commenced, all surfaces 
must be chipped down to the clean metal and no attempt must be 
made to weld on a torch cut surface. 

A vertical weld must in all cases be made from the bottom and 
worked up to the top and the torch must be held so as to point 
upward and build up the metal in the V at an angle of 45 deg., 
in order to provide a suitable angle from which slag may flow and 
prevent inclusion of the slag in the weld. 

Any deviation from a neutral flame, as shown by the shape of 
the cone, must be instantly detected and rectified, this is usually 
caused by a defective regulator, and work must be discontinued 
until the trouble has been remedied. 

Before commencing any weld, all equipment and accessories must 
be checked and every part must be in good order so as to avoid 
interruptions while the work is in progress. 

When work is to be done in the interior of any boiler, tank or 
other similar inclosed space, an opening must be provided at the 
top and an air hose attached to an opening at the bottom and a 
‘urrent of air blown through during the whole time that the oper- 
ator is inside such confined space, in order to insure a supply of 
‘resh air for the operator, 
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All welding on boiler work must be done with 14-in. No. 1 High 
Test Steel. 

Cutting must be done with the correct sizes of nozzles as sup- 
plied for use with the approved standard cutting torches or blow- 
pipes, and all operators will be supplied with the maker’s charts 
showing the sizes and pressures to be used for the various thick- 
nesses of metal to be cut. : 

Cast iron should only be cut with the blow-pipe when it is not 
possible to part the metal by any other means and when a wide 
cut 5@-in. is permissible and the casting will not be injured by 
local heating. The largest sized cutting nozzle must only be used 
for cast iron, the smaller sizes being useless for this work. 


WELDING RODS AND FLUX 
Welding Rods: 


Cast Iron Alloy Rods.—To be used in welding gray iron castings. 

Iron Wire.—Used generally for welding wrought iron, steel 
castings, sheet metal, etc. To be replaced by No. 1 High Test Stee! 
with the exception of the 14-in. size, when present supply is ex- 
hausted. 

No. 1 High Test Steel.—Used in welding in boilers, steel castings, 
locomotive frames, bolsters, truck sides, forgings, etc. 

M. W. Steel.—Used in building up frogs, crossings, battered rail 
ends, also for the welding of tool steel and in building up surfaces 
where hardness and resistance to abrasion are necessary. 

Manganese Bronze Rods.—Used for building up wearing sur- 
faces on piston heads, cross heads, guides, motion work parts and 
all surfaces subject to friction, unless electric process is used. 

No. 10 Bronze Rods (Tobin) .—Used in bronze welding cylinders 
and castings of gray iron, malleable iron, brass and brazing collars 
to pipes, etc. 

Aluminum Alloy Rods.—Used for welding aluminum castings. 
Flux: 

Ferro Flux.—Used with cast iron alloy rods in the welding of 
all gray iron castings. 

Brazo Flux—Used with manganese and No. 10 bronze in all 
building up, bronze welding or brazing operations. 

Aluminum Flux—Used with Aluminum Alloy Rods in welding 
aluminum castings. 

2. Equipment General: 

All equipment must be of the approved standard type and must 
be kept in good order at all times. 

The use of other than the approved standard type of equipment 
is prohibited. 

Where equipment is supplied under contract, the maintenance 
of all parts, generators, pipe lines, cylinders, regulators, gages, 
‘torches or blow-pipes, hose, etc., will be undertaken by the con- 
tractors, and no attempt must be made to repair or tamper with 
any such parts, 
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Any defective piece of apparatus must be turned in to the store- 
keeper or other officer in charge and must be replaced by a 
spare part. 


Complete Welding and Cutting Outfit: 


Each regularly assigned operator should be allotted one complete 
welding and cutting outfit, to consist of the following: 

One cutting blow pipe. 

One welding blow pipe. 

One oxygen regulator. (To operators using portable apparatus 
only.) 

One acetylene regulator. (To operators using portable appa- 
ratus only.) 

One Prest-O-Lite tank adapter. (To operators using portable 
apparatus only.) 

One 50-ft. length black acetylene hose, *4-in. inside diameter, 
complete with fittings. 

One Pyro lighter. 

One No. 1 wrench, for blow pipe and regulator connections. 

One No. 2 wrench, for regulator and tank connections. 

One No. 4 wrench, for welding station connections. 

One Prest-O-Lite key, for Prest-O-Lite cylinder valve. 

One pair No. 6 goggles, with suitable shade lens. 

One pair No. 8 spectacles, with suitable shade lens. 

One pair asbestos or leather gloves. 

One metal tool box of suitable size. (Equipped with lock.) 

And necessary cutting nozzles and welding heads. 

. Generators for Acetylene: 

Generators are installed only at principal repair points. 

When generators are used, the rules in connection with charging 
and operation of the particular type of generator will be supplied 
by the maker or contractor and must be framed and displayed in 
a conspicuous position in the generator house and strictly observed 
in all particulars. 

4. Safety First Rules: 

The safety first rules in connection with oxy-acetylene welding 
apparatus are as shown on drawing No. 2H-10377 and prints of 
these rules must be framed and displayed in a conspicuous position 
in all shops where apparatus is used, and the attention of shop 
employees must be drawn to the necessity of proper observance 
of these rules. 


WELDING AND CUTTING IN CONNECTION 
WITH BOILER WORK 
5. Parts to be Welded: 


Welding on boilers may only be done in fireboxes and on stayed 
surface. 


No welding of any kind is permitted on boiler barrels or any 
instayed surfaces of boilers or on any unstayed pressure vessels. 


Co 
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No welding of any description must be undertaken on boilers 
without authority having first been obtained from the general su- 
perintendent of motive power or person authorized by him. 

All welding and cutting must be done in accordance with the 
regulations as shown below. 

6. Cracks in Firebox Sheets: 

Cracks in firebox sheets must be welded when authorized in 
accordance with the method shown on drawing No. 1H-10354. 

Cracks in firebox sheets, which are not over two rows of stay- 
bolts in length can be welded successfully and will prolong the life 
of a sheet but must not be considered a permanent job. The weld- 
ing of cracks over two rows of staybolts in length is not recom- 
mended. Apply a patch in such cases. 

Welding rod to be used: No. 1 High Test Steel. 

Special Instructions—Remove staybolts which come in line with 
weld. Heat and bend sheets toward water space, as shown in 
sketch. Bevel edges including sides of staybolt holes to an angle 
of 45 deg. Start by welding bottom hole up solid; finish by weld- 
ing top hole solid. When weld is completely cold, drill, tap and 
apply staybolts. This does not include cracks in crown sheets. 

The advantages of repairing cracks by this method are: 1. The 
contraction stresses tend to flatten the bent sheets and place the 
bottom (water side) of the weld in compression. 2. The weld be- 
ing depressed slightly protects it from the fire. 

7. Side Sheets: 

Half or Full Side Sheets.—Welding rod to be used: No. 1 High 
Test Steel (1-in.). 

Special Instructions: All sheets to be beveled at an angle of 
45 deg. with the cutting blow pipe and the surface of the beve! 
‘chipped with an air hammer. Sheets should be fitted up carefully 
and accurately, allowing not less than \4-in. or over 3/16-in. open- 
ing at the bottom of the V. Horizontal seams are to be located 
according to condition of the firebox but not higher than 12 in 
below the lowest point of the crown sheet. In instances where the 
firebox is in good condition near the mud ring it may be cut be- 
tween the first and second or the second and third rows of staybolts 
and the new sheet welded to the lower section. All horizonta! 
seams to be located centrally between rows of staybolts. 

Small Patches.—In small patches which do not extend to the mud 
ring, and whose width is not more than three staybolts, a round 
or elliptical patch with a 1-in. dish should be applied, as per Figure 
“D” Drawing No. 1H-10353. 

Small patches which reach to the mud ring and whose height '- 
not over three rows of staybolts, same can be put in flush pro- 
viding the patch is cut in half circle, or elipticai shape and the 
width is not less than twice the height, as shown in Figure “!.” 
Drawing No. 1H-10353. By applying a patch in this method 4!! 
‘strains will radiate to the free side. 

Large Patches.—Large patches extending to the mud ring shou ¢ 
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be made square or rectangular in shape having good rounding 
corners. The patch should have an O. G. curve placed next to the 
line of weld, as shown in Figure “E,” Drawing No. 1H-10353. The 
0. G. eurve should not extend lower than the top of the grates, as 
shown by the line A-B on sketch “E” on aécount of the inter- 
ference, but should go straight down from where the O.-G. leaves 
off. In order to take care of the contraction in weld A-B and B-D 
the following procedure is recommended: 

Weld either A-C or B-D; then drive a wedge in the center of the 
patch between the sheet and the mud ring until the sheet leaves 
the mud ring a distance of at least 5%-in., then weld the opposite 
side and quickly remove the wedge. When the weld contracts, the 
sheet will draw flush to the mud ring and strains will be eliminated. 

For large patches which do not extend to the mud ring, same 
should have an O. G. curve placed next to the line of weld on all 
four sides, having all four corners rounded with a good big radius. 
The O. G. curve will not form a mud pocket at the bottem as in 
the case of a box patch. 

8. Cracked Bridges: 

The method to be used for repair and welding of cracked tube 
sheet bridges whether front or back or small or superheater flues 
is as shown on Drawing No. 1H-10350. 

Cracked Flue Sheet Bridges.—Cracked flue sheet bridges may 
be welded by the oxy-acetylene process if the sheet is in fair con- 
dition otherwise. 

Welding rod to be used: No. 1 High Test Steel. 

Special Instructions.—Flues adjacent to the cracked bridges 
must be removed and the cracked bridge V’d out to an angle of 
15 deg. on both sides of the fracture, allowing '4-in. opening at the 
bottom of the VY. Allow sheet to become perfectly eold after weld- 
ing each bridge before starting another. 

9. Knuckle Patches: 

The method of applying and welding knuckle patches to tube 

—_ or door sheets must be as shown on Drawing No. 2H-10355, 
‘ig. 1. 

Where tube or door sheets are riveted, the patches must be 
riveted to crown or side sheets, and where welded tube or door 
sheets have been applied, patches must be welded to crown or side 
sheets and the crown or side sheet must be cut so that the original 
weld is removed and the new weld must be made to new metal and 
must only joint the old weld at the ends of the patch. 

Back Flue Sheets.—The welding of knuckle cracks in the flue 
sheet is a temporary job only, and should be explained as such to 
the foreman in charge before making the weld. In making a 
xnuckle erack weld, same should be welded from the water side of 
sheet and reinforced on the firebox side. 

In making the application of flue sheet patches, the line of weld 
should run straight across the flue sheet through the thickest sec- 

ion of sheet, as shown on Figure “2,” Drawing No. 2H-10355. 
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Flue holes in the patch falling in line of weld should be left blank. 
After the weld has been made, these half holes can be cut with the 
cutting torch and reamed to the proper size. The weld in the flange 
should run at 45 deg. 

In the case of flue sheets where the upper part of the flue sheet 
needs renewal and the lower section of sheet is in good condition, 
a new upper sheet can be applied. Welding patches in tube area 
is prohibited. The line of weld should pass between the row of 
belly braces. and the top row of staybolts. The weld in the flange 
should run at 45 deg. 

Front Flue Sheets.—In the welding of front flue sheets, the line 
of weld should go straight across the sheet passing through the 
thickest portion of the sheet, as shown on Drawing No. 2H-10355, 
Fig. 3, or in other words, similar to the back flue sheet. 

If the defective area of the front flue sheet is such that a V 
shaped patch will take care of it, same can be applied in the 
V shape, making the line of weld through the smallest portion of 
the bridge as shown by the line C. in Drawing No. 2H-10355, Fig. 3. 

In many cases the front flue sheet is in such a condition that it 
will have to be removed, and it often happens that in such cases 
the upper section is in good condition. In a case of this kind a 
new lower section can be applied, having the line of weld between 
the top row of the flue holes and the bottom row of boiler braces. 
This will save removing the boiler braces and also the tee head, etc. 
The line of weld in the flange should, of course, run at 45 deg. 

Back Head.— When cracks develop in back head of boiler, a 
patch must be applied. (WELDING BACK HEADS IS PRO- 
HIBITED.) Back heads may be welded flush and a patch put over 
the weld. 

Superheater Tubes.—Superheater tubes to be welded in con- 
secutive order when new application is being made, as per Draw- 
ing No. 3H-10376. Electric process only to be used. 

10. Door Sheets: 

Unless the upper portion of a door sheet is in thoroughly good 
condition and the arch tube holes have not been enlarged, half or 
three-quarter door sheets should not be applied but complete new 
door sheets should be put in. 

When new door sheets are applied, the old sheets must be re- 
moved complete with the knuckles or flanges; in the case of riv- 
eted joints they must be cut out at the line of the outer edge of 
the rivet holes, and in the case of welded seams, the old side sheet 
and crown sheet weld must be removed with the door sheet. 

If the upper portion of a door sheet is good and a part door sheet 
application is made, the weld through the knuckle must be at 45 
deg. as shown for knuckle patches on Drawing No. 2H-10355, Fig. 
1, and the horizontal seam as for side sheets to Drawing No. 11!- 
. 10352. 

In the welding of half and three-quarter door sheets, a roll should 
be applied under the line of the weld, the same as used in the case 
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of side sheets, and shown on 1H-10353. The line of weld across the 
flange should run at 45 deg. 
11. Fire Door Holes: 

Welded Fire Door Holes.—Fire door holes should be fitted up as 
though patch bolts were going to be applied, and lap welded as 
shown at “A” Drawing No. 2H-10355, Fig. 5, or a butt weld may 
be made as at “B” Drawing No. 2H-10355, Fig. 5. 

Door holes having sleeves should also be butt welded. 

Welding Door Hole Patches.—In the application of door hole 
patches, to boxes not equipped with O’Connor fire door hole, an 
0.G. curve should be placed next to the line of weld, as at “A” 
Drawing No. 2H-10355, Fig. 4. 

The line of weld should be as symmetrical as possible and the 
symmetrical line should not be sacrificed in order to avoid passing 
through staybolt holes. 

In the case of O’Connor fire door holes, the line of weld should 
be as symmetrical as possible. There is no necessity of placing an 
O.G. curve next to the line of weld in O’Connor fire door holes since 
the curve will take care of contraction, as shown at “B” Drawing 
No. 2H-10355, Fig. 4. 

12. Fire Door Patches: 

Fire door patches must be large enough to take in at least one 
row of staybolts all around the door hole, and the outer weld must 
be made in the same manner as shown on Drawing No. 1H-10352, 
for longitudinal seams. 

13. Longitudinal Seams in Fire-Boxes: 

When riveted seams for side sheets become defective, the seam 
must be removed by cutting outside the rows of staybolts above and 
below the seam. 

A patch must then be applied and welded in, in accordance with 
Drawing No. 1H-10352, and welded also at the ends to the tube 
and door sheet flange. 

14. Tube Sheets: 

The application of portion of front or back tube sheets is not to 
be done unless specially authorized, and full tube sheets must be 
used when repairs are necessary. 

The practice as laid down for new door sheets will apply to fire- 
box tube sheets. 

15. Staybolts: 

When individual staybolts have to be removed, they will be drilled 
or cut out with the blow pipe. 

The flame must be directed onto the center of the head, at fire- 
box sheet end, into the telltale hole at wrapper sheet end, and held 
until the bolt reaches a red heat as per Drawing No. 1H-10359. 

A cutting jet of oxygen must then be applied and the bolt cut 
out to a depth of approximately half an inch, Fig. “B” Drawing 
No. 1H-10359. 

The flame must then be held at 45 deg. to pierce the bolt just 
within the sheet, and when pierced, the blow pipe must be rotated 
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to carry the cut all around the bolt. Fig. “D,” Drawing No. 1H- 
10359. 

When staybolt heads are worn so that they cannot be made tight 
by reriveting, they must be renewed and NO WELDING IS PER- 
MITTED ON STAYBOLT HEADS. 

Removing of Miscellaneous Staybolts—The removing of stay- 
bolts should be made as per Drawing No. 1H-10359. The flame 
first to be directed on the edge of the telltale hole, Fig. “A,” until 
the metal reaches a red heat, then a cutting jet of oxygen to be 
gradually applied. Simultaneously move the blow pipe back and 
rotate the flame so that at a distance of 114 in. the full pressure 
of the oxygen jet is being used, as shown in Fig. “B”. After a 
depth of approximately 14 in. is reached, the flame should be di- 
rected at an angle of 45 deg. to bolt, Fig. “C,” until the flame 
pierces the bolt. The torch should then be rotated, completing the 
portion as shown in Fig. “D”’. 

Rivet Cutting.—The cutting of rivets is recommended. 

Care should be taken to use the proper size nozzles for the dif- 
ferent sizes of rivets. 

16. Welded Complete Fire-Boxes: 

Instructions.—All sheets should be prepared for welding by bev- 
eling at an angle of 45 deg. from the fire side with the cutting 
blow pipe and the surface of the bevel chipped smooth with an air 
hammer. All sheets should be fitted up carefully and accurately 
allowing not less than 4 in. or more than 3/16 in. opening at the 
bottom of the “V”. As the flue sheet is usually thicker than the 
side sheet the two sheets should be flush on the water side. 

Horizontal seams should be located centrally between rows of 
staybolts. All welding is performed on the fire side and reinforced 
slightly on the water side where possible. 

Welding rod to be used—No. 1 High Test Steel (14 in.). 

Welding Fire-boxes on the Floor.—Fire-box sheets should be fit 
up and held in place temporarily with bolts placed through the mud 
ring, spacing these bolts 6 in. apart. Next, line sheets up accur- 
ately, using clamps if necessary, and tack by welding sections about 
1 in. long and about 12 in. apart, starting at the center of the top. 
The bolts through the mud ring should be 1/16 in. smaller than the 
holes so the sheets can slip a little on the final contraction. In 
welding flue and door sheets start at the center or top and work 
downward to the mud ring otherwise the sheets may bulge or warp 
at the finishing point. 

The reinforcement on the water side should be applied by an 
operator working about 2 in. behind the operator welding on the 
fire side. 

The longitudinal seams of side and crown sheets of boxes app! ed 
in three pieces, in place of one, must be at least 15 in. below the 
‘ highest point of the crown sheet. 

When a weld is started the operator should work continuou-!y 
and avoid, as much as possible, delays or stops that will allow ‘/e¢ 
weld and sheets to get cold. Do not hammer a fire-box weld. 





)26] WELDING ON THE RAILROADS 49 


The flange on both the door and flue sheet should be of the stand- 
ard form and trimmed to bring the weld on what would be the rivet 
line between the knuckle and the first row of crown sheet supports. 

Welding Fire-boxes in Place.—Similar procedure is to be fol- 
lowed for fire-boxes welded in place, as those welded on the floor, 
except that all mud ring rivets should be applied and driven before 
starting to weld. 

An O.G. fire-box may be applied in four pieces by cutting off 
one of the side sheets. The fire-box can then be applied between 
the mud ring saving the removal of the back head. When the fire- 
box cannot be applied in four pieces, both side sheets may be cut 
off and the fire-box applied in five pieces. 

Alternative Method.—Welding across the crown sheet between 
the first and second rows of crown sheet supports. 

Similar procedure is to be followed as given, under Welding 
Fire-boxes on the Floor, or in place, except that the weld is made 
across the crown sheet between the first and second row of crown 
sheet stays instead of between the knuckle and the first row of 
stays. 

Alternative Method.—Four piece fire-boxes. 

Similar procedure is to be followed as given under :— 

Welding Fire-boxes on the Floor, or in Place, with the following 
additional instructions : 

The sheets are prepared then placed in the fire-box through the 
mud ring and welded in the following order: 

1. Side sheet to crown sheet. 
2. Side sheets and crown sheet to door sheet. 
3. Side sheets and crown sheet to back flue sheet. 

To facilitate the handling of the one-piece side sheet and crown 
sheet the side sheet end is raised while the crown sheet end is low- 
ered and entered sidewise between the mud ring. Then the sheet 
is moved into position by raising the crown sheet in place. 

See Drawing No. 3H-10612. 

\7. Mud Ring Corner Patches: 

When mud ring corners require patches, the corners must be 
cut out in a semi-circular shape, as per Drawing No. 1H-10358, 
removing as much as necessary from the side sheet and door or 
tube sheet, to making a complete corner patch, the ends of which 
must come down to the mud ring at an angle of 45 deg. 

The material for corner patches, whether inside or outside must 
be 4-in. plate. 

The patch must be bolted to the mud ring with bolts 4 in. smaller 
in diameter than the mud ring rivet holes and the holes in the 
patch must be of the same diameter as the bolts. 

The patch must be set down so that the bolts rest on the bottom of 
the mud ring rivet holes, and must be tightened up in this position. 

This allows the patch to be pulled up 14 in. as the weld contracts. 

The edges of the weld to be prepared to standard form V’d to 90 

og. angle with 3/16 in. clearance. 
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Welding must be commenced at the knuckle and worked both 
ways along the top of the patch and the sloping portions of the 
weld at the ends of the patch to be finished down to the mud ring 


Superheater tubes must be welded to flue sheets by electric weld- 
ing, see Maintenance Regulation No. 8, and this work must not 
be done under any circumstances with oxy-acetylene. 

19. Locomotive Frames: 

Welding Broken Frames.—Broken locomotive frames may be 
welded by the oxy-acetylene process. 

Welding rod to be used: No. 1 High Test Steel (14 in.). 

Special Instructions—Drop wheels or remove necessary appa- 
ratus to enable operators to prepare and make welds properly. 
Line up frame and mark with rigid tram. Obtain desired expan- 
sion with wedge and heavy bar of iron or apparatus made for the 
purpose. Bevel ends of frame at break at an included angle of ap- 
proximately 67 deg., with cutting blow pipe, then chip surface 
clean. Heat ends to a dull red with an oil torch and start welding 
on both sides simultaneously. Begin at the bottom of the inside 
of the V and weld to the top, applying a layer of metal about 3, in. 
thick on each side of the center. Then commence at the bottom 
and weld the remaining portions of the frame together, bringing 
the weld and a 20 per cent reinforcement up at the same time. 
When weld is completed it should be covered with sheet asbestos 
or a similar material and allowed to cool slowly. The reinforce- 
ment should be from %% in. to 54 in. in thickness on each side of the 
frame, where clearance will permit and should extend 11% times 
its thickness beyond edge of the V. Remove expansion apparatus 
as soon as weld is completed and properly covered with asbestos. 
The welding of frames from one side only, or by inexperienced oper- 
ators should not be attempted. 

Building Up Worn Frames.—Locomotive frames where worn by 
driving box saddles, spring hangers, and equalizers may be built 
to standard dimensions by the oxy-acetylene process, this to include 
the sides of pedestal jaws, worn by shoe and wedge flanges. 

Welding rod to be used: No. 1 High Test Steel (14 in.). 

Special Instructions.—All worn areas, with the exception of lat- 
eral wear on pedestal jaws, should be built up with No. 1 High Test 
Steel and finished to original dimensions with a hammer while the 
metal is hot. The lateral wear on pedestal jaws should be built 
up with manganese bronze to within filing limits of standard di- 
mensions. If section to be built up is under compression, heavy 
bar should be wedged in, in such a way as to avoid frame upsetting 
while hot. Bar to be removed when building up is completed and 
section starts to cool down. 

_ 20. Cylinders: 

The entire crack must be beveled to form a 60-deg. V, and the 

cylinder preheated by lighting a charcoal fire under or in the cy!- 
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inder or valve chamber as required, and the cylinder warmed up 
until the oil or grease begins to smoke, and inspection shows that 
it is uniformly heated and expanded. 

Welding must then be commenced, using 1,-in. TOBIN BRONZE 
welding rods, and the approved BRONZE-BRAZO FLUX. 

The temperature of the cylinder must be maintained uniform 
during the whole time welding is being done. 

The V must be brought up to a dull red and coated with flux 
before the bronze is applied, by dipping the heated end of the weld- 
ing rod into the receptacle containing the flux. 

On commencing to weld, the bronze will flow and “tin” the sur- 
face of the cast iron, and this “tinning’” must be carried on ahead 
of the filling in of the V. 

On completion of the weld, the cylinder must be cooled slowly, 
by closing in the space containing charcoal and allowing the fire 
to die gradually. 

21. Locomotive Cylinder Castings: 

Broken or defective locomotive cylinder and valve chamber cast- 
ings are to be reclaimed by the oxy-acetylene process, when in a 
reclaimable condition generally. This to include fractures in bar- 
rel, valve chamber, stud flanges, ports, bridges, reinforcement ribs, 
also steam chest seats and bridges of slide valve type castings. 

Welding rod to be used: No. 10 (Tobin) Bronze (1,4 in.). 

Flux to be used: Brazo. 

Special Instructions.—Both sides of the crack or fracture are to 
be beveled so that the included angle of the bevel is from 60 deg. 
to 90 deg., the angle decreasing as the thickness of the metal in- 
creases, the bevel to extend to the bottom of the crack or fracture. 
All sand and scale should be removed from 3, in. to 1 in. on each 
side of the V on unmachined surfaces. Horizontal breaks on sides 
of cylinder barrels, etc., to be beveled to an angle of approximately 
10 deg. on the lower side of the break and the remainder of the V 
to be made by increasing the angle on the upper side. On other 
breaks the bevel on each side to be equal. After broken sections 
are prepared and fit in place the entire cylinder or valve chamber, 
or a section thereof, depending on the location of the fracture, 
should be inclosed in furnace constructed of loose brick, sheet as- 
bestos, or the equal, and preheated slowly to the desired tempera- 
ture. The weld should be executed as rapidly as possible and when 
completed cylinder brought to an even temperature then covered 
up and allowed to remain covered until entirely cold. 

22. Piston Heads and Bull Rings: 

Worn piston heads and bull rings may be built up on the worn 
surface with MANGANESE BRONZE, see also MAINTENANCE 
REGULATION No. 29. The surface to be built up must first be 
ground to reach clean metal and preheating will be done by playing 
the torch on the half to be welded. Manganese Bronze should be 
turned 1/16 radius at edge of piston grooves. Under no circum- 
stances should Tobin Bronze be used for this purpose. 
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23. Piston Rods: 

When rods are worn in piston or crosshead fits, after being 
turned on the taper, they will be built up with nickle steel or No. | 
High Test Steel, see also Maintenance Regulation No. 30. 

After welding, the rod must be heat treated or where this cannot 
be done, the welded end must be heated to a cherry red and allowed 
to cool in lime. 
24. Steel Guide Yokes and Cross Ties, Etc.: 

Broken steel castings such as guide yokes, cross ties, etc., can be 
welded with 14-in. nickle steel or No. 1 High Test Steel in the same 
manner as broken frames, except that no support plates are re- 
quired under welds, and welds must be made from one side only. 

Where circumstances require, or where it is possible to do so, 
reinforcing to the extent of 3% in. may be built up on the top of the 
weld. 

25. Mud Rings: 

Broken mud rings are to be welded by the oxy-acetylene process 
without removing. Wasted away areas may also be built up by this 
process, if the mud ring is in fair condition otherwise. 

Welding rod to be used: No. 1 High Test Steel. 

Special Instructions.—Light mud rings may be V’d out from one 
side or the top. Heavy mud rings should be V’d out from both sides 
or from the top and bottom, the same as locomotive frames. 

26. General: 

Always wear goggles or spectacles when working with a lighted 
blowpipe. Keep head bands of goggles adjusted so as to hold the 
goggle securely against the face. 

Never heat hollow castings or other objects having inclosed cav- 
ities without vent hole. 

When working in a confined place be sure there are no leaks in 
torch or hose and that your helper, or someone familiar with equip- 
ment, is on outside to shut off gas supply if necessary. 

When welding or cutting in confined space, proper ventilation 
should be provided. 

Never do cutting or welding on an oil barrel or oil container 
without first carefully removing all oil and vapor. Low pressure 
steam is a good cleanser. It is a good practice to overfiow such 
containers with water before steaming. 

When an operator is welding brasses or bronzes, ventilation is 
important or the operator wear a suitable respirator. 

Never lay cutting or welding blowpipes in superheater tubes. 
fire-boxes or other confined spaces during lunch hour or when not 
in use. 

Welding and cutting should not be done where there is danger 
of explosion of coal dust or foreign gases until proper precautions 
have been taken by a responsible person of the department in whic" 
‘the work is to be done. 

Each individual weld on locomotive frames, tender bolsters, ¢:' 
truck bolsters, body bolsters and truck side frames, is to be stamp: ( 


eat a 
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as shown below. A record of all such welds, together with the car 
initials and number or locomotive number, to be kept and for- 
warded to the office of the Superintendent of Motive Power the first 
day of each month. Not smaller than 3% in. stencils must be used. 
All rewelded castings must be restenciled and the old stencil marks 
removed. 


Month—Day—Year, thus :— 0-00-00 

Shop abbreviation, thus: A.B. 
C.N.R. 

Welder’s number: 00 


Welding not permitted on unstayed surfaces of locomotive boil- 
ers, this to include arch or water bar tubes. 

The welding of defective main reservoirs is prohibited. 

The welding of fractures or breaks in side rods, main rods, pis- 
ton rods, eccentric rods or blades is prohibited. 

Retaining lips or shoulders of tires must not be removed with 
the cutting blow pipe. 

The building up of work eccentric key ways, set screw recesses 
or wheel fits on driving axles is prohibited. 

Do not cut driver pin holes in the web or plate section of steel 
wheels. 

Welding or building up on cast iron wheels is prohibited. 

The welding of grab irons, sill steps, brake wheels or brake staffs 
is prohibited. 
27. Welding Table: 





WELDING TABLE FOR CONTINUOUS OPERATION 
Per Hour 
Oxygen Aver. Per Lineal Foot 
Thick- Size of Pres- Speed Gas Consumption 
ness Welding sure Shop Gas Consumption Filling 
of Head Lbs. per Practice Oxygen Acety. Oxygen Acety. Wire 
Metal or Tip Sq... Lin. Ft. Cu, Ft. Cu. Ft. Cu. Ft. Cu. Ft. Lbs. 
3/16” 6 14 9 15.0 14.2 1.67 1.58 0.08 
1/4” 7 16 7 19.2 18.3 2.74 2.62 0.15 
3/8” 8 19 4% 27.6 26.3 6.13 5.85 0.3 
1/2” 10 21 3 36.0 34.3 120 114 06 
3/4 12 25 1% 52.8 50.4 35.2 33.6 1.4 
l 15 30 1 69.7 66.3 69.7 66.3 2.4 
28. Cutting Table: 
CUTTING TABLE FOR CONTINUOUS OPERATION 
Thick- Oxygen ——Per Hour——_———~ 
ness Size Pressure Gas Consumption 
of of Lbs. per Speed Oxygen Acety. 
Metal Nozzle ’ $q. In. Lin. Ft. Cu. Ft. Cu. Ft. 
1/4” No. 1 20 139 50.7 17.3 
3/ No. 2 25 151 108 20.0 
I /2° No. 2 30 130 126 21.7 
3/4 No. 2 35 95 145 23.1 
Be No. 2 40 71 158 24.2 
1% No. 2 45 45 175 25.0 
2 No.3 45 46 248 33.0 
a No. 3 55 36 295 38.5 
4” No. 3 65 26.8 339 42.3 
pf No, 3 75 19 385 44.5 
6 No. 4 75 26.7 542 47.0 
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ELECTRIC ARC WELDING 


1. General Instructions: 

Are welding must only be done by competent welders who have 
been thoroughly instructed and who have shown by work on test 
pieces that they can produce a thoroughly homogeneous weld, and 
have satisfied the foreman or instructor that they are conversant 
with the principles governing expansion and contraction in arc 
welding, and are sufficiently proficient to be able to detect poor 
amalgamation of the metal during the process of making the weld 
or any detrimental variation in the current. 

A short arc not more than 1% in. must always be used. Voltage 
at are 17 to 20 volts. 

2. Equipment: 

The electric equipment for arc welding may be of any of the 
various approved types and the manufacturer’s instructions applic- 
able to each individual type must be carefully observed. 

The current for welding may be direct or alternating current. 

In all cases the amount of current is regulated by the rheostat 
and operators must be thoroughly instructed as to the operation 
of this device and in starting and stopping motors, and the general 
operation of the equipment. 

3. Accessories: 

All accessories for arc welding must be kept in good order. 

(a) Mask and Face Shields—A mask with standard glasses to 
protect the eyes will be issued to each operator for his individual 
use, and he will be held responsible for proper care of the same. 
Masks must always be worn when welding is being done. 

(b) Gloves.—Leather gloves should be worn when welding to pro- 
tect the hands. 

(c) Portable Screens—When welding is being done, portable 
screens must be used to protect other employees from the glare of 
the arc. 


(d) Welding Cables.—Standard welding cables only must be used ; 
together with a special flexible lead equipped with tongs for hold- 
ing the electrode. When the insulation on cables or leads shows 
signs of wear, these must be properly repaired by the electrica! 
department. 

(e) Wire Brushes.—A wire brush will be issued to each operator, 
with which all the surfaces of material to be welded must be 
cleaned, and also to be used between each layer of deposited meta! 
to remove oxides. 


4. Parts to be Welded: 

Are welding must be used for the classes of work shown below 
and this table shows the current and voltage required under favor- 
able conditions and should be used only as a general guide. 


. 
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ELECTRODE 
(Manufacturer’s name and number of rod is also included.) 

Diam. in Are 
Inches Class of Work Amperage Voltage 
1/8” Welding boiler tubes to flue sheets.......... 100-110 14-16 
5/32” Building up side rod ends, guide bars, motion 

parts, axle boxes, etc..........0..050e eee 120-130 16-18 
5/32” or 
3/16” it Cin a. pbc eke wrath he cae ess soe 125-150 18-20 
3/16” Welding worn part on locomotive frames.... 120-130 18-20 
3/16” Locomotive frames. (See Paragraph 8 ,““Weld- 

eS gt Bil FRR SIN a eee 120-130 18-20 


5. Preparing Welds: 

Before welding is commenced, the joint must be properly V’d 
out, and a clearance of 1% in. left between the parts. The metal 
must be chipped or brushed clean, and if beveling has been done 
with an oxy-acetylene torch, the surface must be chipped down to 
bare metal to remove slag or oxide. 

Expansion and contraction must also be provided for. 

6. Welding Superheater Flues: 

The method of setting and welding superheater flues to fire-box 
tube sheets is as shown on Drawing 3H-15173, and details shown 
on this drawing must be carefully observed. 

7. Building Up Worn Surfaces: 

After wearing parts of locomotive frames, side rods, guide bar 
faces, motion parts, axle boxes, etc., are worn below the permissible 
limits shown on the Maintenance Regulation covering the various 
parts, one layer of metal must be welded on, the thickness to be 
sufficient only to restore the part to its original size with the mini- 
mum amount of grinding or machining. Brake hanger pins must 
not be built up by welding. 

8. Welding Locomotive Frames: 

After the fracture has been V’d out to 30 or 45 deg. by oxy- 
acetylene torch, the coating of blue oxide must be removed, other- 
wise it will be difficult to establish an arc. 

Two operators are required for frame welding; once a weld is 
started it must be completed without delay, if necessary the welders 
being replaced by relief men. After the points of the bevels have 
been fused together, operators should deposit metal on each side of 
the frame as shown on “C,” Drawing No. 3H-10357. When space 
will permit, the frame should be reinforced, applying %% in. addi- 
tional metal to top and sides of weld as per Drawing No. 3H-10357. 
9. Record of Frame Welding: 

When locomotive frames are welded a record must be kept by 
shop superintendent as per Drawing No. 3H-10357. 

10. Strength of Weld: 

After the new operator has had the usual preliminary training, 
he will at various times be required to submit standard test pieces 
as per Fig. 6, Drawing 3H-10357, which will in turn be submitted 
to the engineer in charge of tests, and the results obtained from 
these tests, which should show an average tensile strength of 40,000 
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lb. per sq. in., will determine the proficiency of the operator, and 
his promotion to more responsible duties will be governed accord- 
ingly. 

Are Length.—It is very important that operators endeavor to 
maintain a short are as the oxygen and nitrogen of the atmosphere 
have a detrimental effect on the metal being added. Therefore, if 
arc length is excessive, the effect of the atmosphere will be in- 
creased accordingly. Proper and improper arc length. See Para- 
graph 4 of this regulation. 


APPENDIX Iil 
SPECIFICATIONS 
For Electrodes for Electric Welding 


(Conforming to report to the American Bureau of Welding of 
the Committee on Welding Wire). 

1. This specification covers wire for use in electric welding; to 
be used for various purposes as follows: 

Low Carbon 

(a) For welding mild steel, structural shape plates bars or low 
carbon steel forgings and castings. Use grades E No. 1-B, E No. 
2-B, E No. 1-C, E No. 2-C, E No. 3-B, E No. 3-C. 

Medium Carbon 

(b) For building up worn surfaces that require machine fin- 
ish, such as wheel flanges, axle collars, etc. Use grade E No. 4-C. 
High Carbon 

(c) For welding high carbon steel and worn surfaces where 
great resistance to abrasive wear is desired and where maehining 
is not necessary, such as rails, frogs, switch-points, bearing sur- 
faces, etc. Use grades E No. 5-C, E No. 6-B, E No. 6-C. 
Manganese Steel 

(d) For use on manganese crossing centers, frogs, switch-points, 
dredging buckets and other parts where extremely hard, tough sur- 
face is required. Use grade E No. 7-C. 

2. General Requirements 

The electrodes shall be subject to factory inspection, chemica! 
analysis and physical tests. 

In the hands of an experienced welder they shall demonstrate 
good weldability (in flat and overhead positions in the case of elec- 
tric welding) and shall flow smoothly and evenly without any un- 
usual characteristics. 

All purchasing orders for welding materials shall refer to the 
particular specification or grade under which the material is being 
bought and when shipment is made, all specification numbers or 
grades shall be marked on all packages in a similar manner. The 
specification number shall always include the prefix letter “E”’ de 
noting that the material is for electric welding. It shall also in- 
clude the suffix letter “B” or “C” indicating bare or coated wire. 
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3. Material 

Material made by the puddling process is not allowed. 

1. Physical Properties. 

(a) Electrodes shall be made from straight wire of uniform 
homogeneous structure free from irregularities in surface hard- 
ness, segregations, oxides, other non-metallic inclusions, pipes, 
seams, ete. The surface shall be free from scale and rust, oil or 
grease, except that resulting from the last drawing operation. 

(b) All alloy rods shall be straight, and of homogeneous struc- 
ture. The surface shall be smooth and clean. 

(c) The diameter of all wire except cast iron shall not vary 
more than plus or minus 3 per cent from the diameter specified. 

5. Tests. 

(a) One chemical analysis shall be made for each 1000 Ib. or less, 
and in addition one welding test for each 1000 lb. shall be made by 
a competent operator to determine satisfactory welding qualities. 

(b) The inspector or representative of the railways shall be 
privileged to make tensile and bend tests in same ratio should he 
so desire, with the exception of the low carbon wire, on tensile test 
the wire shall not show more than 5 per cent elongation in 10 in. 

(c) Check chemical analysis may be made by the inspector or 
representative of the railways and without cost to the contractor. 
The chemical composition thus determined shall conform to the 
requirements specified in the tables for the grade ordered. 

(d) If a check analysis is made, a composite sample of not less 
than 4 oz. shall be taken for analysis from each 1000 Ib. or less. At 
least one wire from every size in each 1000 lb. or less shall be se- 
lected. Where the 1000 lb. or less consists of but one size, one wire 
from each of five bundles shall be selected. Samples shall consist 
of fine particles obtained by clipping, sawing, or drilling, depending 
on the size of the wire. 

6. Packing and Marking. 

Electrodes shall be delivered in coils or in straight 14-in. or 18-in. 
lengths, and shall be packed and wrapped as follows: 

(a) Bundles of 50 lb. net weight, securely wired and wrapped 
in heavy weatherproof paper. 

(b) Bundles of 50 lb. net weight, securely wrapped in heavy 
burlap. 

(c) Boxes or kegs of 100, 200 or 300 Ib. net weight and wrapped 
as per paragraph (a) or (b). 

(d) Coils of approximately 50 or 100 Ib. net weight, and wrap- 
ped as per paragraph (a) or (b). 

All bundles, coils, boxes or kegs shail be provided with a metal, 
linen, or strong fiber tag securely wired to or in the case of boxes 
or kegs, nailed on the outside, bearing the following information: 

Make 
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7. The wire shall conform to the following: 


Mn. P. Per S. Per Si. Per 
Grade or C.Per Per Cent Cent Cent 
Specification Cent Cent Max. Max. Max. Sizes of Wire 
Low Carbon 
E No. 1-B or C.. 0.06 0.15 0.04 0.04 0.08 1/8”,5/32”, 3/16”, 1/4” 
E No. 2-B or C.. 0.08 0.35 0.04 0.04 0.08 1/8”, 5/32”, 3/16”, 1/4’ 


to to 
0.14 0.50 
E No. 3-B or C..0.13 0.40 0.04 0.04 0.08 1/8”,5/32”,3/16”,1/4” 
to to 
0.18 0.60 
Medium Carbon 
ee Wes a eae 0.25 0.380 0.04 0.04 0.12 1/8”, 5/32”, 3/16”, 1/4” 
to to 
0.45 0.60 
High Carbon 
ee 0.60 0.60 0.04 0.04 0.12 1/8”, 5/32”, 3/16”, 1/4’ 
to to 
0.75 0.90 
E No. 6-B or C..0.85 0.30 0.04 0.04 1/8”, 5/32”, 3/16”, 1/4” 
to to 
1.10 0.60 
Manganese 
E No. 7-C....... 1.10 11.00 0.017 0.017 0.10 1/8”, 5/32”, 3/16’, 1/4’ 
to to to to to 


1.35 14.00 0.050 0.050 0.20 

8. Inspection. 

Unless otherwise shown on purchasing order, welding wire will 
be inspected at destination. If so desired or ordered, the wire may 
be inspected before shipment and in such case the manufacturer 
shall furnish free of charge all reasonable facilities for the inspec- 
tion to be properly carried out. 

9. Rejection. 

In case of rejection at destination, the manufacturer shall pay 
freight charges both ways on shipment. 

C. E. BROOKS, 
Issued—July, 1925. Chief of Motive Power. 


APPENDIX IV 


Tests—Mild Steel Bars, Double-Vee Welded, at the Various Round- 
Houses—Oxy-Acetylene 


Elonga- 

Tensile Strength, Elastic Limit, tion in 2 In 

Number of Round House Lb. per Sa. In. Lb. per Sq. In. Per Cent 
TRE POE vce laccaes 52,800 24,650 19.0 
Stratford No. 8 ........... 46,850 17,860 19.0 
Palmerston No. 4 ......... 16,300 9,420 6.0 
Hamilton No. 5 ........... 42,220 20,500 28.0 
a eS re 33,910 24,260 7.0 
Fost marie Nov 7 oc... eck 48,800 23,800 12.0 
St. Thomas No. 8 ......... 35,500 22,480 9.0 
Sarnte IG. Bes ieiices 50,550 26,100 22.5 
cB ear rrr ae 38,200 22,670 5.0 
RS co odie ess 44,730 26,600 15.0 
SE: ee 58,600 10,020 31.0 
LOE FEO. AO on vc lawucuws 47,740 29,420 22.5 
Allandale No. 14 .......... 53,570 31,200 18.0 








wa ees ogee 
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APPENDIX V 


Tests—\4-in. Plates Welded by Operators at the Various Round- 
Houses—Oxy-Acetylene 


Elonga- 
Tensile Strength, Elastic Limit, tion in 8 In. 
Number of Round House Lb. per Sq. In. Lb. per Sq. In. Per Cent 
Date hos cio oes ewes 60,320 35,120 7.0 
Windsor No. 2 ........... 53,560 37,900 6.3 
Stratford No. 3 ........... 54,600 36,100 9.4 
Palmerston No. 4......... 41,670 36,410 1.6 
Hamilton No. 5 ........... 53,460 39,600 48 
Niagara No. 6 ........e00- 35,900 35,900 1.6 
Fort Erie No.7 .......>..5 56,930 35,400 11.0 
St. Thomas No. 8.......... 50,530 39,800 3.9 
Baste ae. Wa ness ects scan 58,720 35,700 12.5 
APPENDIX VI 
Tests—Mild Steel Bars—Double-Vee Welded 
At “A” Shops 
By Oxy-Acetylene and Electric Welding 
Elonga- 

Tensile Strength, Elastic Limit, tionin2In. Process, 
Welder No. Lb. per Sq. In. Lb. per Sq. In. Per Cent and Rod. 
NOsR= stk bene bs 51,024 51,024 3.5 Electric 
NG. £0? Sp ivesbe 60,200 39,800 5.5 Electric 
No. “Bi cw as dens 58,200 42,350 5.5 Electric 
NO. 34 hues ae 49,200 39,030 4.0 Electric 
Novi) wccceet 42,600 42,600 2.5 Gas 
No, 4s wstre wane 37,100 37,100 2.5 Gas 
NG. bat} <eece ee 30,870 30,870 4.0 Gas 
NG. >#° us ianexwe 68,500 36,840 15.0 Gas 
Ne. B:) isckomaas 49,750 39,100 6.0 Electric 
No. SP: cs s's caees 45,920 31,120 5.0 Gas 
NG BE: ncaesetes 62,100 50,640 9.0 Gas 
NG Gv ekbs scare 52,000 36,670 7.0 Electric 
Ne Bass Eves 62,760 38,010 9.0 Gas 
Ne Fe | é cuints Oe e's 64,300 41,840 8.0 Gas 
ee a eee 53,600 53,600 5.0 Electric 
Noi Bei Ge sivcss 61,735 33,300 30.0 Gas 
Y= oe 22,550 22.550 2.5 Electric 
OE | Se 53,675 39,300 5.0 Electric 
Noe? <3si 4 6s. 58,300 32,750 7.0 Electric 
Oe eae a 55,630 41,630 6.0 Electric 
DORIS 0 + s'bs0 2 63,400 35,100 9.0 Electric 
NOS sc he Cae 35,970 35,970 3.0 Electric 
No. Bas. gia 43,460 43,460 3.0 Electric 
Ne SR. <issiesiesies 64,030 34,700 10.0 Gas 
WO, Soca as 60,540 45,660 7.0 Gas 
No. Se wees elk 52,430 35,760 10.0 Gas 
Ne. Sinica tas sak 61,220 42,990 7.0 Gas 
ye re 48,340 48,340 4.0 Gas 
No. 30 ......... 35,715 31,900 4.0 Gas 
Ne Gi 9 5 si 47,450 37,860 2.5 Gas 
No. BS vrecwenes 43,400 43,400 2.5 Gas 
OUMNT aban coe 105,100 93,860 7.0 


Fracture, coarse grain due to over heating in rolling. 

Note——Test bars were made of 1%” bar welded double-vee and turned to 
standard %” test piece. 

Note.—No. 17 broke outside the weld. 
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APPENDIX VII 


Tests on Boiler. Plate Welds at “A” Shops by Oxy-Acetylene ani 
Electric Welding 


Elonga- 

Tensile Strength, Elastic Limit, tionin8In. Process, 
Welder No. Lb. per Sq. In. Lb. per Sq. In. Per Cent and Rod 
te EE ES 36,940 27,555 3.1 Electric 
A EE ina cp wikny as 48,360 37,870 9.4 Electric 
NG a ae rae 41,385 30,170 6.25 Electric 
Sa Saeed 46,645 28,570 7.8 Electric 
em Siena 51,985 20,710 21.8 Gas 
Oy. Se 49,495 28,450 11.0 Gas 
SO es ash os seve 49,580 26,800 25.0 Gas 
1 SS eee ee 52,000 31,260 12.5 Gas 
A. oii h vk ace 35,970 27,005 4.75 Electric 
eA eae 48,630 28,600 11.75 Gas 
eS Lr 50,000 26,868 26.6 Gas 
_ Sh) sSeaPeaat Restrain 47,500 31,370 7.5 Electric 
EY Serre 53,910 32,220 21.75 Gas 
BG ps caiawar 52,828 30,845 23.5 Gas 
POE op oe ws 49,150 28,460 12.5 Electric 
PE a views baie 36,320 28,000 3.10 Gas 
ON ae ere ee 46,240 27,060 23.5 Electri: 
pen ae: cies 47,500 29,500 7.75 Electric 
__ . Sees 37,310 31,480 3.1 Electric 
Na 28. 4.058. 45,180 27,710 7.75 Electric 
eee es ee 44,200 30,840 4.75 Electric 
a eee er soe 42,800 29,730 6.25 Electric 
LL. ST ae 45,940 29,780 7.75 Electric 
SNS a ince FOUR 52,710 30,050 21.0 Gas 
ee ee 56,325 32,990 25.0 Gas 
ne io 54,410 30,600 22.6 Gas 
eet 48,900 29,150 , 19.9 Gas 
8 Bees 50,200 28,300 15.3 Gas 
SEY. os chess 53,770 31,900 21.1 Gas 
ING BB). ee ceee 48,570 28,140 20.6 Gas 
SE) Sau Hodes 49 860 29,860 21.9 Gas 
Cees cs oo . 56,840 32,800 235 


Nos. 11, 14, 15 and 18 broke outside the weld. 





Tests on Oxy-Acetylene Welded Roof Trusses’ 
H. H. Moss* 


During the months of April and May of this year, a series of test 
was conducted at the Buffalo shops of our company, on some oxy 
acetylene welded steel roof trusses. These tests were preceded b) 
studies of this problem during several years. A practical and soun( 
method for fabricating structural steel by oxy-acetylene weldin: 
was sought and constructive results have now been obtained. 

For the past three or four years our company has witnessed th: 
construction of and been confronted with numerous calls in co! 
nection with the welded fabrication and repair of highway bridge: 
foot bridges, garage, warehouse and pump-house buildings, tan 
towers and many other minor structures, utilizing everything fro! 
new or second-hand pipe to structural plates and shapes. Suc! 


*#To be presented at the Fali Meeting of the A. W. S., Buffalo, November, 1926. 
*The Linde Air Products Co 
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incidents doubtless are manifestations of what may be termed the 
normal development of the process in the hands of the practical 
welder. Sound engineering principles were often disregarded, in 
fact, engineering analysis was frequently lacking and the results 
obtained, while commendable, varied greatly in detail and could not 
be satisfactorily interpreted from a rational standpoint. 

As a basis for initial study one of the company’s standard build- 
ing structures was selected; the design of the details could be ex- 
perimented with in the laboratories; furthermore we could build 
the trusses and place them into a new building, thus translating 
preliminary studies into practical service. This structure provided 
a one-story building, with roof of 40-ft. span having the usual one- 
quarter pitch roof without monitors. 

Initial studies produced what has been termed “insert plate 
joint.” It was developed while trying to place web metal concen- 
trically around center lines in a theoretical diagram and by adding 
long steel rectangles on either side of this web metal to obtain 
sufficient area and rigidness for a practical] structure. 









Latera! 
Legs 


Fig. 1. Ideal Joint Between I-Beam Sections 


Angles, tees, and tubular sections were tried with this idea as a 
basis for joint design. For each shape an elementary truss design 
was studied, thus determining the style of the joints that must be 
developed to complete a truss structure. An ideal joint is shown 
in Fig, 1. 





Fig. 2. Study of a Joint Between Structural Shape and Gusset Plate 


The next and obvious problem consisted of transferring the full 
strength of members having lateral metal into the web plate or into 
. single flat plate somewhat as shown in Fig. 2. 

This sketch suggested the insert plate design. While the in- 
tended scope of this article does not permit a full account of this 
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development (nor, indeed, can this be correctly defined until further 
investigations are made) a typical application as used in this test 
series is illustrated in Fig. 3. 

It will be observed that a portion of the leg of members a, b, and 
c, has been removed. An insert plate, fashioned as shown, d, e, 
f, g, h, m, placed in the planes of the longitudinal legs of the tee- 
shaped members, a, b, and c, supplies the necessary metal for trans- 
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Fig. 3. Typical Plate Insert Joint for Angle Iron Sections 


fer of stress at the joint. Union of these several parts was accom- 
plished by oxy-acetylene butt-welding where metal joined metal, 
the result being a homogeneous plane of metal transferring the 
applied forces by means of welds in tension and shear in members 
a and c, and in compression and shear in member b. Briefly, such 
a design provides several advantages: 


lst—Center of gravity lines of the members converge exactly 
at the true intersection points. 

2nd—All principal welds are placed at or very near to the 
center of gravity of the member joined. 

3rd—The major portion, of the welds function in shear. 

4th—All metal is joined with butt welds. 

5th—All metal joined may be placed symmetrically in regard 
to the axial plane of the main structure. 

6th—A non-rigid weld at the terminal of each member. 

7th—Easy means for rounding out the weld ends or filleting 
the finish (as shown by the dotted lines in Fig. 3) thus avoid- 
ing abrupt angles. 


Preliminary Work 


First, a series of tests was conducted in our laboratories in Lone 
Island City, on typical joints. Specimens were set up in correc’ 
fixtures in a 100,000-Ib. Olsen tensile machine and pulled to ru| 
ture. In each the base metal of the adjoined member failed, : 
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some distance from the tension weld in the insert plate—an evi- 
dence of the strength of this type of joint. Unit tensile strength 
developed in these tests averaged 56,000 to 57,000 lb. per sq. in., 
or approximately the average maximum strength of rolled shapes. 
There was no distress noticeable in the welds at the time of failure 
of these specimens. The material used was standard angles bought 
from a local warehouse. The filler rod or deposited metal was 
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Fig. 4—General view 
testing arrangement 


Fig. 5—Plate insert trusses 
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a special high test rod, the quality of which develops the full 
strength of the base metal across properly made butt-weld in mild 
steel. 

These results proved that by using proper filler rod material the 
strength of the out-board legs of a member could be transferred 
into the insert plate. The assumptions for the plate design con- 
sisted of adding plate metal from the point of origin of transfer 
(point a, in Fig. 2) proportional with the amount of shear incre- 
ment transfer along the shear leg of the weld. An arbitrary addi- 
tional amount of approximately 14 in. was made to this width, as 
shown dotted in Fig. 2, to insure of ample strength. At the pres- 
ent time the straight-line principle of metal (or stress) transfer 
is being used, subject to modification as our experiments on this 
detail progresses. 

Among others, the unknown factors remaining in the problem 
consisted of : 


lst—Proving the efficiency of the insert plate design in a prac- 
tical structure and under shop conditions of welding. 

2nd—Determining the feasibility of the design embracing a 
complete truss structure. 

3rd—Determining how the residual stresses due to welding 
(if any) affect a truss structure. 

4th—Comparing the cost with riveted construction. 


Design 


Having as a background the preliminary insért plate design 
and the results of the specimen tests, complete designs were pre- 
pared for a series of trusses of 40-ft. span, one-quarter pitch, 
spaced 16 ft. center to center, to withstand a load of 46 lb. per sq. 
ft. of horizontal projection. Due to the method of testing, all loads 
were disposed vertically at each panel point and summed up to 
3000 lb. per panel, there being seven panel points of concentrated 
loading not including those immediately above the end supports. 
From these loads the working stress for each member was deter- 
mined. 

For comparison it was necessary to study a riveted truss, de- 
signed and built from the same specification. Both design and fab- 
rication were done by a reputable concern, which furnished the 
truss material for both the riveted truss (Case 2 below) and its 
direct competitor (Case 3) all of which material was secured from 
the same rolling, and the physical properties of which were re- 
corded. The yield point of this steel averaged 40,000 lb. per sq. in. 

The several trusses, with the exception of the tubular one, were 
similar with respect to the upper and lewer chords, being com- 
posed of two 3 x 214 x \4-in. angles and two 2 x 2 x 14-in. angles 
respectively. The top chord angles of the welded trusses were 
placed tightly back to back, whereas in the riveted truss these 
angles were spaced apart 14 to 5/16 in. 
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Case 1—Welded—Preliminary test truss. This truss had an 
identical member design as Case 4, with the exception that 
the main strut was made of two 3 x 21% x 5/16 tees. This 
truss was welded in quarters, then in halves each (side of 
the ridge joint). Afterward field joints were made at peak 
at a third point in the lower chord. Gusset plates: '% in., 
made up to two quarter-inch plates. 

Case 2—Riveted—Main web diagonals from ridge to field 
splice at lower chord; two 2 x 2 x 14-in. angles. Main web 
strut ; two 2144 x 2x 4-in. angles. Sub-strut: one 2x 2x 4- 
in. angle. Sub-tensional diagonal: one 2 x 2 x 14-in. angle. 
Gusset plates: 14 in. and 5/16 in. 

Case 3—Welded—The same composition and disposition of 
angle-iron members. Gusset plates 14 in., made up of two 
14-in. plates, each welded into the 14-in. legs of each mem- 
ber at a joint. 

Case 4—Welded—The same composition as Case 2, with the 
exception that the main web tension diagonals were two 
114% x 144 x \4-in. angles. Sub-struts and sub-tensional di- 
agonals: two 14% x 114 x \4-in. angles. 

Case 5 — Welded — Tubular Sections. Upper chord: 3-in. 
nominal size standard black pipe. Lower chord: 21% in. 
Main strut: 214. Main tension diagonals: 2in. Remaining 
web members: 1% in. 


Welding Procedure 


The first item under this heading consisted of testing the welders. 
The welders selected for this work were required to make welds in 
structural steel developing a minimum tensile strength of 50,000 
lb. per sq. in. in a standard American Welding Society tensile cou- 
pons. The actual results obtained from these coupons using high 
test filler rod averaged 60,000 Ib. per sq. in. 

The welding procedure, governing Cases 3, 4 and 5, consisted of 
first, welding the insert gusset plates into the principal truss mem- 
bers, after which these members were straightened where neces- 
sary, by the aid of a heating torch. Next, the partially welded 
members and the remaining web members were assembled into the 
truss form, clamped together and tack welded. By the aid of a 
cardboard angle template, proper alignment of the truss was main- 
tained. The final welding progressed from this point. This pro- 
cedure proved to be the most practical and was adopted after ex- 
perimenting with several procedures with Case 1. Due to the use 
of two 114-in. insert plates at each joint, double “V” welding was 
approached as each truss half after being welded throughout on 
one side was turned over and again welded on the opposite side. 


The Test Structure 


The available floor space in the Buffalo shop provided a width 
of 12 ft., and a length of 60 ft., within which the testing equipment 
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was erected. The photograph (Fig. 4) shows the general view of 
this arrangement. The hanging platforms A for loading, purlin 
construction B for holding panel points laterally, to 8 x 8-in. timber 
gantries are clearly shown. The trusses under test were supported 
at either end by concrete piers, one providing for rigid anchorage, 
the other with a set of rollers and a rocker casting placed between 
bearing plates. Approximately 40 tons of pig iron was accurately 
weighed for this test, each pig having its correct weight painted 
on in white numerals. 


Test Procedure 


The trusses after being erected were carefully lined up by means 
of plumb-bobs suspended from a true line above. Eight-inch chan- 
nel purline secured the top member laterally. Freedom to move in 
a vertical plane was accomplished by means of slip plates on the 
gantries. Two %4-in. round adjustable rods secured the lower 
chord against lateral movement. The suspended platforms were 
carefully leveled before each test by aid of the turn-buckles. Truss 
deflection was measured against a tightly drawn steel wire secured 
to the gusset plates at either end of the truss. Uniform loading was 
obtained by adding a pig consecutively to each platform. Deflec- 
tion readings and stress investigations were taken at panel loads of 
3000 Ib., 6000 Ib., 9000 Ib., 10,000 lb. Above 10,000 Ib. load was 
added 70 Ib. at a time (the average weight of one pig) up to point 
of failure. 


Strain Gage Work 


Strain gage readings were taken on both sides of each member 
of each truss for the purpose of determining the effect of residual 
welding stress in such a structure, and to study its elastic action. 
Gage readings were very carefully taken at each station at the fol- 
lowing load conditions: 


lst—Dead truss weight including weight of the purlins and 
hangers but without the platform weight. 

2nd—With platform weight added. 

3rd—At 3000 Ib. per panel, the design load. 

4th—At 6000 Ib. per panel. 

5th—At 9000 lb. per panel. 

6th—At 10,000 lb. per panel. 


The fifth and sixth readings could not be made for the riveted 
and tubular trusses, because they reached their ultimate strength 
slightly below 9000 Ib. per panel. 

Stress as determined by the strain gage agreed very close); 
with the theoretical. It indicates within a very narrow margi! 
ideal behavior of stress distribution and development in the mem 
bers of a welded truss. 
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Summary of Load Tests 


In each case typical column failure of the upper chord between 
panel points occurred. Three cases failed at the rigid end of the 
truss and two failed at the free or movabie end. At no time 
throughout these tests was there any indication of joint distress. 
Approaching failure, by passing the maximum strength of the up- 
per chord was evidenced by Luders lines appearing in the cement 
coating. In the rivetted and tubular trusses these distress signals 
appeared before the 9000-lb. panel load was reached. 

The loads and factors of safety developed in each case, the 
weight of each truss and the recorded deflections up to 9000 lb. 
panel load are given in the following table: 





TABLE I, SUMMARY OF RESULTS 
Factors 
of Average 

Comparable Max. Safety Deflection 

Weight of Panel Devel- - A 
Mark Kind of Truss Trusses Load oped 3,000 6,000 9,000 
Case l. Preliminary Truss, Welded 1,199 Ib. 10,285 Ib. 3.42 .28 .62 1.03 
Case 2. Riveted Truss 1,161 Ib. 9,000 Ib. 3.00 .29 635 
Case 3. Direct Competitive Welded 1,079 Ib. 10,318 Ib. 3.44 .25 585 1.095 
Case 4. Symmetrical Truss, Welded 1,079 Ib. 10,043 Ib. 3.34 3835 .695 1.13 
Case 5. Tubular Truss Welded 916 lb. 8,877 Ib. 2.96 285 .655 


Results of these tests, which afforded splendid opportunity for 
observing the habits of welded construction under conditions of 
extreme stress, point toward a still greater saving in metal in all 
members, below the top chord. Furthermore, the theoretical amount 
of metal can probably be used in the secondary web members, now 
generally heavier than necessary to take the stresses, without caus- 
ing difficulties as far as welded fabrication is concerned. However, 
for uniformity of the welded joint a minimum thickness of 14 in. 
seems to be desirable for this type of structure. 

Further investigations along this line are now being made and 
a sixth case, designed from the same load specifications governing 
the previous five, will be developed. This case will utilize rolled 
tee sections in all tension members and in the sub-struts, having 
areas agreeing closely with the theoretical requirements and joined 
by the insert plate method. 


Cost 


Detail costs of all welded trusses were carefully recorded; the 
results, however, are not available at this date. From the indica- 
tions of a cursory survey it is expected that the cost of a welded 


truss will compare favorably with the cost of riveted one of equal 
strength. 


Conclusions 


It is quite apparent that the insert plate joint is a step in the 
right direction toward the solution of the problem of joining struc- 
tural steel by oxy-acetylene welding. 

Fundamentally and practically, this method of joining is sound. 
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The summary in Table I shows a rigidity in favor of welding of 
approximately 15 per cent. This may be explained in part on the 
assumption that the “fixation” of column members is better than 
where the end connection is riveted. The reader’s attention is again 
called to the fact that the upper chord angles in all welded trusses 
were placed tightly back to back, which would be expected to lower 
the lateral strength of these columns as compared to angles spaced 
slightly apart. 

Material savings in weight of steel necessary for a structure of 
this type can be made, compared to the present methods of fabrica- 
tion. 

Welding by this method does not inject negative factors of 
strength in a completed truss structure, nor in the base metal ad- 
jacent to the welds. This is evidenced by both the load tests and 
the strain gage work. 

The shop work proved to be simple and attended with but few 
minor difficulties which were easily remedied. Good alignment of 
members was maintained by following recognized welding prac- 
tices. In doing work of this nature, it is recommended that ad- 
herence be made to a correct procedure control. In brief, it sum- 
marizes as follows: 


a—Selection of workmen. 

b—Purchase of first-class materials. 
c—Provision of good shop conditions. 
d—Correct Engineering design for welding. 
e—Adequate supervision and management. 
f—Inspection and proof test. 


By observance of this code, progress in the field of welded fabri- 
cation of structural steel can be expected. Caution, and by al! 
means engineering control, on this class of work is imperative. 
Much remains to be done along these lines, from an engineering 
and proof testing standpoint before the welding of structural stee! 
will enjoy the confidence of the progressive structural engineer and 
fabricator. The welding engineer, however, finds much encourage- 
ment when witnessing results in practice that conform so closely to 
his theoretical predictions. — 

A number of interested engineers were present during all or a 
portion of the testing of trusses 2, 3, 4 and 5. Among these may 
be mentioned L. J. Briggs and H. L. Whittemore, of the U. S. Bu- 
reau of Standards; J. H. Edwards of the American Bridge Co.: 
Prof. F. P. McKibben of Union College; F. E. Schmitt of Engineer- 
ing News-Record; Comm. H. E. Rossell of the Navy Department: 
H. J. Thiede and L. L. Davis of the Engineering Corps, U. S. Army : 
Douglas Cornell, Chief Engineer, City of Buffalo, and G. T. Snyder 
of National Tube Company. Pittsburgh Testing Laboratory was 
retained to report the results. 

‘Acknowledgment is gladly made for suggestions made in inform. 
al conference with members of the Bureau of Standards, for aid 
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and encouragement from G. O. Carter, Consulting Engineer of The 
Linde Air Products Company, and for the facilities freely given 
by W. S. Roberts at the Buffalo Engineering Laboratory. 





Welding with the Atomic Hydrogen Flame* 
R. A. WEINMAN 


In the March, 1926, issue of the General Electric Review, Dr. 
Irving Langmuir explained some of his early observations made 
of atomic hydrogen in his work in connection with the develop- 
ment of the gas-filled lamp. He also described the effect of heating 
a filament of tungsten in a vacuum and in such inert gases as 
nitrogen, argon and mercury vapor at low pressures. In such 
cases the heat is carried away from the filament by radiation in 
vacuum and radiation, conduction and convection in the inert gases 
at a uniform rate up to the melting temperature of the tungsten 
filament (approximately 3387 deg. C. or 6129 deg. Fahr.). In 
using hydrogen at low pressure in a lamp having a similar fila- 
ment, he found that the same conditions hold only up to a tem- 
perature as low as 1427 deg. C. (2600 deg. Fahr.) after which the 
heat loss increased to from two to four times the rate of diffusion 
at the lower temperatures. This condition is attributed to the 
dissociation of hydrogen molecules into atoms thereby greatly in- 
creasing the heat conductivity away from the filament. 

A table is given in this article which shows the degree of disso- 
ciation of hydrogen into atoms for different pressures and temper- 
atures of the hydrogen. 

Later in the same article Dr. Langmuir gives some idea of the 
heat of reaction involved in the change of hydrogen from the atomic 
to the molecular state, namely, a stream of molecular hydrogen 
of 100 ec. per second rate of flow (about 12 cu. ft. per hour) meas- 
ured at room temperature if converted into atomic hydrogen at 
5000 deg. C. would be capable of supplying energy at the rate of 
1.6 kw. 

Some idea of the temperature of the atomic hydrogen flame can 
be gathered from the figures given by Dr. Langmuir. Two grams 
of hydrogen involve 9800 calories in the heat of reaction which 
is sufficient to heat the hydrogen to approximately 9000 deg. C. 
if completely dissociated. However, as he shows, complete dis- 
sociation is not possible even under this most ideal condition, and 
he assumes as a practical maximum degree of dissociation the 
figure 0.62. With these figures before him, Dr. Langmuir saw that 
atomic hydrogen might be of great value in the welding of metals, 
and later made experiments with the electric are in hydrogen 
which he explains in his article. In addition to the heat of reac- 
tion another factor which tends greatly to increase the tempera- 





*To be presented at Fall Meeting, A. W. S. in Buffalo, November, 1926 
+Research Laboratory, General Electric Co. 
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ture of the atomic hydrogen flame above that when the degree of 
dissociation is 0.62 and the temperature 4000 deg. C., taken from 
the table mentioned above, is that it is already heated to a high 
temperature when leaving the electric arc. These figures may help 
to give more definite ideas as to the manner in which atomic hy- 
drogen can be used for the melting or welding of metal and also 
indicate the high heat conductivity of atomic hydrogen, which is 
a very important factor in welding. 

Approximately 30 to 40 cu. ft. of hydrogen per hour are used 
on the average torch at 2 or 3 lb. gage pressure. It is readily seen 
from these figures that very little force is required in the stream 
of gas used. This has a particular advantage of keeping a molten 





Fig. 1-—Atomic hydrogen flame with an arc of 
25 amps 


pool under the are with practically no activity except the removal! 
of such impurities as would react with either atomic or molecular 
hydrogen, during the fusion of the metal, permitting the gases 
formed to escape. 

In the same issue of the General Electric Review and in the 
JOURNAL of the American Welding Society, March, 1926, an adja- 
cent article by Dr. Langmuir and the writer gives some idea o! 
the operation of the atomic hydrogen flame in the mechanism illus 
trated and explained. With the further development of this process 
however, much consideration has been given to the quantity o! 
heat required for a given thickness of metal, also the character 
istics of various metals in the fusion state. 

The principal measure of heat is the current consumption, bu 
much refinement of heat regulation can be had by the hand contr: 
of the torch. The current in each case is stabilized by the app! 
cation of sufficient voltage through a series reactance, or resistance: 
Three hand torches have been developed in different sizes with t! 
object of utilizing current ranges from 3 to 300 amps. The 
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torches have been applied to thicknesses of metal from 0.005 in. 
to 2 in. thick, the fusion in each case penetrating the entire thick- 
ness of metal. 

A great variety of welding work has been carried on in the 
laboratory during the past year with the atomic hydrogen flame. 
The greater part of the work has been on alloys which bear such 
foreign names as to make it not advisable to mention them indi- 
vidually. However, as a number of them closely resemble each 
other, 1 may mention the metal constituents individually which 
have been most common and arrange some of the alloys in their 
respective grouping. These metals are as follows: 





Fig. 3 Fig. 2 
Fig. 2—Pure aluminum deposit on cold rolled steel 
Fig. 3—-Microphotograph 100 x showing considerable aluminum dissolved in the steel 
Metals 
Iron and steel with 0.004 C. to 1.25 C. content: 
Copper Bronze Nichrome 
Aluminum Monel Metal Rezistall 
Chromium Stellite Cast Iron 
Nickel Lead Silver 
Cobalt Babbitt Metal Platinum 
Tungsten Alcumite Silver Solder 


Steel Alloys 


Chromium steel up to 35 per cent Cr content. 
Nickel steel up to 85 per cent Ni content. 
Cobalt steel up to 35 per cent Co content. 
Molybdenum steel up to 20 per cent Mo content. 
Tungsten steel up to 13 per cent W content. 
Silicon steel up to 5 per cent Si content. 
Aluminum steel up to 13 per cent Al content 
Vanadium steel up to 1.5 per cent V content. 
Manganese steel up to 12.5 per cent Mn content. 
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Alloys containing mixture of the following: 
Copper, aluminum, nickel and iron. 
Iron, aluminum, copper and carbon. 
Iron, chromium, nickel, aluminum and carbon. 
Iron, chromium, silicon, manganese and carbon. 
Iron, aluminum, nickel, silicon and carbon. 
Aluminum, zinc and manganese. 
Aluminum, silicon and manganese. 
There are many other similar alloys or mixtures of metals. 





Fig. 4 Fig. 5 





Fig. 7 Fig. 8 Fig. 9 


In addition to the fusion together of like metals, mentioned 
above, copper and aluminum have been fused onto the surfaces 0! 
low-carbon steels, and also on chromium steels containing upwar« 
of 13 per cent chromium. Chromium is fused over the surface 0! 
low-carbon steels by melting dry chromium powder which is dusted 
on the metal. Chromizing and calorizing are also done by th: 
atomic hydrogen torch. Calorizing, the introduction of aluminum, 
is done on boiler tubes without removing them from the boiler 

Vitreous enamel has been applied to soft stamping steel wit 
straight butt welds, and to welds built up with additional mete 
with the atomic hydrogen flame. Silver has been applied to son 
metals. 

Fig. 1 shows the atomic hydrogen flame with an are of 25 am; 
This flame is used on thicknesses of metal up to \% in. thick, a1 
in many cases it is used to combine two or three thicknesses 
1/16 in. thick, meeting at a common edge, and in some cases 0! 
thickness of 1% in. to two thicknesses of 1/16 in. are being join: 
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together at their edges. For 3/16 to \4-in. metals larger current 
capacities will give greater speed with the same accuracy. 

Fig. 2 shows a pure aluminum deposit on a cold-rolled steel 
slab % in. thick and approximately 4 in. long. Quite a little of the 
aluminum dissolved into the steel, as shown in Fig. 3 (100 mag.), 
the boundry of the two metals leaving no marked dividing line. 
Tests on this sample showed the aluminum was in its original 
ductile state, and could not be separated from the steel by tearing 
off. 

Fig. 4 shows a 26 per cent chromium steel called Ascoloy No. 1 
from which a number of tubes were formed by welding sheet 


Fig. 10 Fig. 11 


stock 1/32 to 4 in. thick. Some of these tubes are illustrated in 
the March, 1926, General Electric Review on this subject. The 
material shown in the above figure is 1% in. thick with 150 mag. 
This material has been rolled down from ingots of much greater 
thickness, showing a variety of different sized grains in the struc- 
ture. A number of seals for glass rectifier tubes are made of this 
material, having the same expansion coefficient, and in many cases 
it is welded to low-carbon steel for joining to a metal casing of 
low-carbon steel. 

In Figs. 5 and 6 copper has been welded to the same metal as 
shown in Fig. 4, namely, Ascoloy No. 1. In Fig. 5 the copper 
alone has been etched to show how the chromium steel has dis- 
solved into it. Fig. 6, being of a lower magnification, shows the 
two metals etched, giving some idea of relative grain structure 
derived in the combination of the two metals widely different in 
constitution. 

Fig. 7 is a section of the same metal (Ascoloy No. 1) with copper 
spread over the surface, approximately 1% in. thick. All but 1/32 
in. of the copper was ground off the surface of the Ascoloy, and on 
examination this showed that quite a little of the Ascoloy was 
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dissolved in the copper as shown in Fig. 8. Deeper cuts were then 
made into the junction which showed the boundry lines of the 
two metals to be very uneven over the entire surface of the Ascoloy 
base. 

Fig. 9 shows a deposit of copper on cold-rolled steel applied in 
the same manner with the atomic hydrogen flame. The boundary 
line of these two metals is jagged the same as in the former cases, 
much of the steel being dissolved into the copper. 

Fig. 10 shows copper welded to Invar, a steel containing 35 per 
cent nickel, the Invar being 20 mils thick. The largest section of 
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Fig. 12 Fig. 12a 


Fig. 12—Tubes welded with atomic hydrogen 
Fig. 12a—Tubes after tensile tests were made Note break outside of weld 


the copper is approximately 60 mils thick. The copper flows in 
this metal very freely under the atomic hydrogen flame. 

Fig. 11 shows a weld made on alcumite, a metal] containing for 
a base copper with aluminum, iron, and nickel, the larger grains 
representing the parent metal, and the smaller the weld between 
two adjacent pieces of the metal. This, of course, is the revers« 
of what would occur in the majority of metals welded. If you 
notice, however, the only mark of boundary between the weld and 
parent metals is the refinement of grain in the welded sectio! 

Figs. 12 and 12-A show tubes 1 in. in diameter with 1/16 i 
walls approximately 18 in. long, made of 0.35 carbon steel wit! 
0.50 manganese content, with weld in center. These welds we! 
made without any backing under the weld, the bead of addition: 
metal being less than 1/16 in. above the outside diameter of th 
tubes. 
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Fig. 12-A shows the tubes after tensile tests were made on 
them (no heat treatment was given). The tubes and the strips 
of cold-rolled steel shown in Fig. 13 gave a Rockwell hardness 
test as shown in Fig. 14. The characteristic curve, illustrated 
in Fig. 14, has been found to serve all low-carbon steel welds where 
no heat treatment has been applied. The table below gives a test 
recently made on boiler-plate iron with and without welds which 
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Rockwell Hardness Tests on Hydrogen Arc Welds 


Fig. 14 


have been reduced by forging in thicknesses from 1 to %4 in. thick 
and annealed. 


With Welds Without Welds 

Sample Ultimate Tensile Ultimate Tensile 
No. Yield Strength Yield Strength 

29,600 51,700 30,000 52,700 
27,300 51,600 31,000 53,500 
28,000 53,400 28,200 52,200 
27,400 52,400 31,900 53,100 
27,600 53,100 27,000 50,500 
25,800 53,000 29,000 52,200 
29,900 55,300 25,500 51,700 
31,000 53,000 


DAA c&. wwe 


The results attained by our laboratory with this process indi- 
cate quite clearly that welds can be made by it which cannot be 
made by any other known means. However, the apparatus is 
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hardly out of the laboratory stage, and requires further develop- 
ment to suit general commercial conditions. It will be several 
months before commercial apparatus will be ready for sale. 





Structural Steel Joints Fundamentally 


Designed for Arc Welded Connections* 
By A. M. Canpy+ 


Within recent years there has probably been no development 
of more vital interest to the steel workers and building industry 
at large, than the series of tests recently conducted at Carnegie 
Institute of Technology in Pittsburgh, Pa., by our company. These 
tests proved so conclusively that properly designed and fabricated 
arc welded connection have so many merits that a contract was 
awarded to the American Bridge Company to construct a 5-story, 
70 x 220-ft. mill-type building 80 ft. high at the Sharon Works of 
the Western Electric & Mfg. Company. 

We believe that the data on these tests will be desired by the 
engineering and welding world in advance of the complete data on 
this building. The complete series of tests included a total o! 
twenty-two specimens typifying various structural joints and mem- 
bers which would most conclusively prove the merits of the process 
to engineers who have not had an opportunity to make a study o! 
this work. Space limitations will not permit an exhaustive study 
of all the specimens and therefore we will only give details of the 
most interesting specimens. 

The design of column connections offers a very interesting stud) 
in that continuity may be obtained with arc welding at much less 
expense than where riveted designs are used. Furthermore, the 
welded connections are stronger than the conventional riveted con- 
nections. 

To substantiate these ideas a series of three test specimens were 
built as illustrated by Fig. 1. Each specimen comprises an H co!- 
umn 8 in. deep, 2 ft. high, weighing 32 lb. per foot and two canti- 
lever Bethlehem I beams 9 in. deep, 3 ft. long, weighing 20.5 lb. per 
foot. The detail connections for the specimen are as follows: 

Specimen No. 2 was constructed by welding two seat angles 4 
3 x % x 61% in. long, across the faces of the column with the 4-1 
legs outstanding. Only the ends of the 3-in. legs were welded 
the column with a 5/16-in. bead. This welding was done in a dow”- 
ward direction by turning the column to typify shop fabricati: 
Four continuity plates each 3 x 5% x 65% in. long were then locat 
against the web of the column between flanges so as to be dire: 
in line with the flanges of the cantilever beams. The column \v 
‘turned to permit all downward welding the same as for the s 


*To be presented at Fall Meeting, A. W. S., Buffalo, November, 1926. 
+Welding engineer, Westinghouse Electric & Manufacturing Company. 
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angles. These continuity plates were heavily welded with a 34-in. 
fillet entirely around their ends against the column flanges. The 
column was then placed on end and the I-beams were landed on 
the seat angles with approximately a 3/16-in. opening between the 
beam ends and the column faces. The entire ends of the beams 
were then welded to the column faces. Also the edges of the 
beams were welded 4 in. along the line of the outstanding legs of 
the seat angles. Two top reinforcing plates each 4 x 14 x 41% in. 
were then located on top of the beams with the 4-in. lengths adja- 
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Fig. 1—Specimens before test 


cent to the column faces. These ends were welded to the column 
faces and the 414-in. lengths were welded to the top flanges of the 
beams. 

Specimen No. 3 differed from No. 2 in that no seat angles and 
no reinforcing plates were used. 

Specimen No. 4 differed from No. 2 in the very vital item of 
omitting the “continuity” plates from the column flanges. 

Each of these specimens was turned upside down and mounted 
on rocker blocks 5 in. wide located with their centers 3 in. from the 
beam ends, thereby providing a span of 6 ft. 214 in., the load being 
applied on the upstanding end of the column. 

The results of the tests are shown in Fig. 2. Curve in Fig. 3 
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shows the stress diagrams of the three specimens to permit of 
direct comparison. The following table gives the pertinent data: 


Speci- Pounds Pounds Bending Moment 

men Elastic Ultimate at Column Face Remarks on 

No. Limit Load in Inch Pounds Ultimate Load 
2 57,000 70,000 116,500 No. 2—40% higher than No. 4 
3 50,000 60,000 100,000 No. 3—20'% higher than No. 4 
4 28,000 50,000 83,000 No. 2—16% higher than No. ° 
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Fig. 2—Specimens after test 
Specimen No. 2 upper figure, No. 3 center figure, No. 4 lower figure 

It is interesting to observe that none of the specimens had « 
single failure in the welds. Specimens No. 2 and No. 3 failed }) 
web crippling of the cantilever beams and No. 4 by web buckling 0' 
the column. The fact that No. 2 shows 16 per cent greater ultima’ 
capacity than No. 3 is attributed to the stiffening effect both | 
the vertical and horizontal planes produced by the top reinforci 
plates and the outstanding legs of the seat angles. The very mark: 
difference between No. 2 and No. 4 is, of course, due to the “co 
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tinuity” plates in the column of No. 2 which produce an effect 
identical with that of having the two cantilever beams carried 
continuously through the column. This construction is to be car- 
ried out completely through the Westinghouse Sharon building. 

4 To show the advantages gained by simply substituting are weld- 
. ing for riveting in tension members, two specimens were prepared 
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Fig. 3 
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as shown by No. 17 and No. 18 in Fig. 4. Specimen No. 17 com- 
prises two angles 214 x 2 x 3/16 x 48 in. long with their 214-in. 
legs located against two shank plates 34x 5x 12 in. with the angles 
overlapping the plate ends 4 in. The heel and toe of each angle 
was welded along the 4-in. length and across the ends of each angle 
to the shank plates. Specimen No. 18 differed slightly in that the 
angles were 4 ft. 214 in. long, overlapped the shank plates by 614 














Fig. 4 


in. and were riveted to the shank plates with six rivets 5% in. i: 
diameter, power driven in 11/16-in. diameter holes. 

The comparative failures of these specimens are shown by curv: 
in Fig. 5. The welded specimen failed through the 21% in. le: 
first, followed by tearing through the 2-in. leg adjacent to the en: 
of the shank plates. The riveted specimen failed through the firs 
rivet hole at the end of the shank plate. 
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The following table gives the pertinent data: 


Speci- Pounds Pounds Ultimate Load in Pounds 
men Elastic Ultimate per Sq. In. of Sectional 
No. Limit Load Area of the Two Angles 
17 70,000 94,000 58,000 
18 60,000 72,000 44,500 
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In addition to the fact that the welded specimen was more than 





Fig. 5 
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30 per cent stronger than the riveted specimen, it is interesting 
to note in passing that the elongation of the welded specimen was 
168 per cent greater than the riveted specimen, the values being 
1.12 in. for the riveted specimen and 3 in. for the welded specimen 
measured over a length of 40 in. 




















Fig. 6 
Specimen No. 7 upper figure, No. 8 centerefigure, No. 9 lower figure 


A series of three simple beam specimens were constructed :s 
per Fig. 6. For each of the three specimens identical superstr' 
tures to support the beams were constructed by arc welding, using 
10-in. H sections weighing 49.5 lb. per foot, the base section being 
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9 ft. 734 in. long and the column sections being 2 ft. 3 in. high. 
The “continuity” plates were 5% x 4x 814, in. long. The back stress 
plates tying the column faces to the base web were 4 x 6 x 16 in. 
long. The beam member of each specimen was a 9-in. I weighing 
21.8 pounds per foot, 7 ft. 11%% in. long. 














Fig. 7 
Specimen No. 7 upper figure, No. 8 center figure, No. 9 lower figure 


In the case of specimen No. 7 two seat angles 3 x 4 x % x 5 in. 
long were welded along the ends of the 3-in. leg to the columns. 
he structure was then turned in the upright position and the beam 
was landed in position on these seat angles. The beam ends were 
then welded to the column faces and landing angle; also reinforc- 
ing top plates 4 x 7/16 x 5 in. long were added and welded exactly 
as described for specimen No. 2. 
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Specimen No. 8, Fig. 6, differs only from No. 7 by the omission 
of the seat angles and top reinforcing plates for the beam to col- 
umn connections. 
Specimen No. 9, Fig. 6, is materially different in that the beam 
to column connections follow standard riveted practice. Two top 
and bottom angles 1% in. thick and a total of twenty rivets 3, in. 
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in diameter, power driven in 13/16-in. diameter holes, were used. 

Each of the specimens was centrally loaded on a block 11% x 
5 x 8 in. long placed with the 8-in. dimension across the top flange 
of the beam. In each of the three specimens failure took place by 
web crippling and flange buckling, at the center of the beam as 
per Fig. 7. It is interesting to note, however, that in the case of 
the riveted specimen No. 9, although the major failure was web 
crippling at the center of the beam, a preliminary failure by bend- 
ing of the top angles produced a V-shaped opening between the 














Fig. 9 
Specimen No. 20 upper figure, No. 19 center figure, No. 21 lower figure 


beam end and column faces as illustrated at left end of beam in 
Fig. 7. This preliminary failure of the top angles was responsible 
for the early ultimate failure of the specimen as shown by curve 
in Fig. 8 and the following table: 


Speci- Pounds Pounds 
men Elastic Ultimate Remarks on 
No. Limit Load Ultimate Load 
‘ 50,000 73,500 No. 7—25% higher than No. 9 
8 50,000 67,200 No. 8—14% higher than No. 9 
9 42,000 58,700 No. 7— 9% higher than No. & 


As in the case of specimens No. 2 and No. 3 we attribute the 
superiority of No. 7 over No. 8 to the stiffening effect, in both verti- 
al and horizontal planes, produced by the top reinforcing plates 
nd the outstanding legs of the seat angles. 

In the case of specimen No. 7 the sum of the positive and nega- 
ve bending moments was 1,760,000 inch pounds. As the welds 
iowed no distress and as the columns did not perceptibly deflect, 
ie negative moment at either end must have been nearly as great 
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as the positive moment at mid-span. For purposes of comparison 
with tests 8 and 9; assume this test a case of perfect fixed ends, 
positive and negative moments being each 880,000 inch pounds. 
This corresponds to maximum fiber stress of 46,500 lb. per square 
inch. 

For specimen No. 8 the sum of the positive and negative bend- 
ing moments was 1,618,000 inch pounds. Assuming same ultimate 
positive bending moment as in test No. 7, the negative moment 
at column face would be 738,000 inch pounds, indicating 84 per 
cent fixation. 

For specimen No. 9 the sum of positive and negative bending 
moments was 1,410,000 inch pounds. Assuming same ultimate 
positive bending moment as in test No. 7, negative moment would 
be 530,000 inch pounds, indicating 60 per cent fixation. Such a 
degree of fixation could not have been obtained with an ordinary 
type angle 5/16 or %% in. thick. 

There is probably no more fertile field for the use of arc welding 
than that afforded by built-up members, such as girders, columns, 
etc., which exceed the sizes of existing rolled shapes. For this 
reason it was decided to build up a series of four specimen girders 
as illustrated in Fig. 9. 

The riveted specimen No. 20 comprises a web plate 5/16 x 14 in. 
x 15 ft.; four flange angles 3x 4x 5/16 in.; sixteen web stiffener 
angles 214 x 3 x 14 in. and filler plates. A total of 116 rivets %4 in. 
diameter power driven in 13/16 in. diameter holes were used to 
fabricate the girder. 

Specimen No. 19, Fig. 9, was constructed of the same parts but 
assembled by arc welding. The top flange angles were welded to 
the web plate by intermittent welds 1 in. long on 3-in. centers along 
the toe of both the top angles. The backs of the angles were welded 
together and to the edge of the flange plate intermittently using 
2-in. long welds on 3-in. centers. At each end the angles were 
welded solid to the web plate at both the heel and toe for a dis- 
tance of 3 in. The bottom flange angles were welded to the web 
plate solid for a distance of 6 in. at each end of the toe, the re- 
mainder of the weld along the toe of the angle being 2-in. on 
5-in. centers. The heels of these angles were welded solid and also 
to the edge of the web plate for a distance of 6 in. The remaining 
portion of this same joint was intermittently welded 2-in. on 5-in. 
centers. The filler plates were welded to the web plate by means 
of 2-in. long welds at the neutral axis and 14-in. welds at the ends 
of the filler plates along the web plate. The stiffener angles were 
completely welded around the entire periphery, making contac‘ 
with the flange angles, and also 2-in. welds at the heel and toe o! 
these angles exactly in line with the 2-in. welds made at the edge 
of the filler plates to the web plate. The completed specime 
weighed 785 lb. The amount of welding wire required to com 
plete the specimen was 27 lb. 8 oz. The total time to complet: 
the specimen was 14 hours and 10 minutes. 
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Specimen No. 21, Fig. 9, was designed strictly to take all ad- 
vantage of the possibilities of joining structural steel members 
by the use of arc welding to produce a girder of equal strength 
using less weight of steel. In this respect it is entirely different 
from No. 19, which is simply a riveted design welded. 

The specimen comprises a web plate 14x 5/16 in. x 15 ft. long; 




















Fig. 10 
Specimen No. 21 upper figure, center figure No. 21A, lower figure No. 20 


two flange plates 10x % in. x15 ft. long; and 16 web stiffener 
plates 3 x 14 in. x 1 ft. 134 in. long. The top flange was welded to 
the web plate continuously along each side of the web plate. The 
bottom flange was welded to the web plate solid for a distance of 
6 in. from each end and then intermittent welds 2 in. long on 4-in. 
centers the rest of the distance on each side of the web plate. The 
web stiffeners were welded solid to the flanges around the entire 
periphery at each end of each web stiffener. Each web stiffener 
was also welded 2 in. on each side at the neutral axis and at inter- 
mediate points l-in. long at each side of each stiffener, half way 
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between each stiffener and the flanges of the girder. This speci- 
men had a total finished weight of 656 lb., which is 18 per cent 
less than that of the riveted girder No. 20, which weighed 798 lb.; 
and 16 per cent less than (the riveted design welded) specimen 
No. 19, which weighed 785 lb. 

Specimen No. 21-A, Fig. 10, was also designed to take all pos- 
sible advantage of arc welding to use an amount of steel having 
about the same weight as the riveted girder No. 20. It is similar 
to No. 21, except that the web stiffening plates are 414 x 1 in. x 
1 ft. 2 in. long, there being a total of 20 used and a top reinforcing 
plate 9x 5/16in. x 6ft. long was welded to the top flange. This 
plate was welded solid across each end and solid along each edge 
from the center of the girder to a point 1 ft. 2 in. from the center 
of the girder. The remaining length of the edge of the plate was 
welded intermittently 2-in. welds on 4-in. centers. This girder had 
a completed weight of 795 lb. and required 30 lb., 12 oz. of welding 
wire to complete the welding work. The total welding time was 
16 hours and 50 minutes. 

All of these girders failed in a very similar manner, namely, 
principally by buckling of the top flange as per photos shown in 
Fig. 10. 

The graphical comparison of the girders is shown by curve, 
Fig. 11, on which appears the tests for the two duplicate rivete: 
girders Nos. 20 and 20-A. In the following table the pertinent 
data is given in which the data given for the specimen 20-B is 
the average of the data for the two specimens, Nos. 20 and 20-A. 


Speci- Pounds Pounds Maximum Bend- Maximum 
men Pounds Elastic Ultimate ing Moment, Fiber Stress, 
No. Weight Limit Load Ft. Pounds Lb. per Sq. In 
19 785 _ 65,000 77,200 270,000 53,800 

' 20-B 798 57,500 71,450 250,000 49,200 
21 656 65,000 78,000 273,000 52,700 
21-A 795 - 60,000 110,350 386,000 

COMPARATIVE DATA 
Weight Ultimate Load 

No. 21-A is %% below No. 20-B No. 21-A is 59% above No, 20-B 

No. 21 is 18% below No. 20-B No. 21 is 9% above No, 20-B 

No. 19 is 14% % below No. 20-B No. 19 is 8% above No. 20-B 

No. 21 is 16%% below No. 19 No. 21 is 1% above No. 19 


A few deductions of interest may be drawn from these girders, 
for example, since Nos. 19 and 20 are made up from duplica‘: 
parts one should be as strong as the other. We find, however, th:t 
although No. 19 is slightly lighter, it developed 8 per cent great«r 
strength. This is attributed to the fact that welded connectio:s 
are much more rigid than riveted connections, but the feature °{ 
even greater importance is the fact that the heels of the flanve 
angles were welded together and to the edges of the web pl: 
which makes the two sets of flange angles practically the equ 
alent of a solid plate, therefore, materially stiffening these m: 

‘bers as compared with the riveted construction. 

During the tests of these girders none of the welds showed « \y 

signs of distress even at the points of maximum stress. Fig. 
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shows a close-up of No. 21 taken of the weld joining the web and 
top flange at the point of maximum buckling, and also of speci- 
men No. 19 and specimen No. 21-A. 

All of the above girders were tested by central loading on a 


bearing plate 1144 x 5x8 in. long, placed lengthwise across the top 
flange of the beam. 
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Summary 


By perusal of the data which is given in this article it is mani- 
fest that the tests fully demonstrate the following facts: 


(1) The tests demonstrate that welded joints can be constructed 
in such manner as to develop fully the ultimate strength of the 
structural members connected. 

(2) Beams and girders can be connected to columns so as to 
produce absolute fixation. 

(3) Lines of beams or girders can be connected so as to provide 
complete continuity across the supports, whether the supports be 
girders or columns. 

(4) That a steel I beam of given section and length will sustain 
a far greater load if fixed at its ends by a suitably designed welded 
joint than if supported by standard riveted connections consisting 
of top and bottom angles. A 9-in. standard I beam framed be- 
tween rigid upright columns 8 ft. apart by means of specially 
designed welded connections sustained a load 25 per cent greater 
than a beam of the same size and length framed between columns 
by means of riveted top and bottom angles of \4-in. thickness. 

(5) A plate girder assembled by welding and consisting of noth- 
ing but sheared plates, has a far greater bending strength than 
a riveted plate-and-angle girder of the same weight, due to the 
better distribution of the steel in the cross section. A 15-in. plate 
girder assembled by welding and simply supported on a 14-ft. span 
developed more than 50 per cent greater strength than a riveted 
plate-and-angle girder of the same depth and the same weight. 

(6) A double angle tension member such as is used in trusses 
was connected at the ends by welding, and when tested to tension 
failure broke through the angles at a load 30 per cent greater than 
the load at which a hanger consisting of the same size angles with 
riveted end connections failed. 

The prevailing impression among the witnesses was that these 
tests demonstrated the superiority of welded connections to riveted 
connections in every case where direct comparisons were made, 
and brought out two general facts: 

(1) That complete continuity of lines of beams can be obtained 
in welded construction, whereas it is well known that this cannot 
done in riveted construction. 

(2) That in a welded building it will be possible to make every 
oint develop full strength of the main members, whereas in a 
riveted building many joints are weaker than the members due 
(o the weakening effects of the rivet holes and the weakness of 
‘eel angles which have to be used for transmitting tension be- 
‘ween two members at right angles to each other. 

It was proved that a welded plate girder was 50 per cent stronger 
‘ian the riveted girder of relative depth, length and weight. 

An Olsen testing machine, capable of applying 400,000 Ib., was 


ed. * 
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The tests proved the entire practicability of welding without any 
misgivings as to safety. 

The joints that were demonstrated here are being used in the 
five-story steel building, 70 x 220 ft., 80 ft. high, now being fab- 
ricated and erected by the American Bridge Company for the 
Sharon Works of the Westinghouse Electric & Mfg. Company. 
The typical beam and girder connections are fully continuous con- 
nections, thereby permitting large percentage (about 12 per cent) 
of saving in the weight of the beams and girders to carry a given 
load. The same type of connection which develops continuity also 
effectively stiffens the building against wind. The equivalent can- 
not be obtained by any known riveted joint. 


Creditory 

The design of the test specimens described above, and the design 
for the welded steel building for the Westinghouse Electric & Mfg. 
Company at Sharon, Pa., were produced by Gilbert D. Fish, con- 
sulting structural steel engineer, cooperating with the are welding 
engineers of the Westinghouse Company. 

All material for these test specimens was furnished gratis by 
the American Bridge Company, and was specially prepared under 
the direction of Marshall Williams, assistant to president of that 
company. Complete data upon the physical properties of all of 
this steel, including tensile tests and chemical analyses were also 
supplied, and great care was taken in selecting the steel material 
so that in so far as possible, it would be from the same heat so as 
to secure uniformity in comparing the various specimens. 

All of the testing work was carried on at the Carnegie Institute 
of Technology by J. M. Daniels, instructor in charge of the Ma- 
terials Testing Laboratory, and his assistant, Arthur Haeppel. The 
actual welding of the specimens and all records of tests were car- 
ried out under the direction of A. M. Candy, welding engineer, and 
C. T. Eakin of the Material and Process Engineering Department 
of the Westinghouse Company. 

The Westinghouse Electric & Mfg. Company hereby desires to 
record acknowledgment of the service rendered in this work by 
all of the above mentioned parties and assistants working under 
them. 
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An Excellent Welded Joint. Paper Industry (August, 1926), Vol. 8, p. 1». 
Illustrates type of weld for boiler or tank plate. 

Applications of Fusion Welding to Structural Work. Mechanical Engineer- 
ing (October, 1926), Vol. 48, p. 1067. . 

Are Welding as a Manufacturing Process. Mechanical World (Aug. 2’, 


1926), Vol. 80, pp. 159-60. Discusses the welding of large motor stators and 
stator end-rings. 
Are Welding Tests Show Possibilities. American Contractor (Aug. 7, 1920), 
’ Vol. 47, pp. 18-19. The strength of arc-welded joints is found to be 30 per 
cent greater than riveted joint. 
Arc Welds in Structural Steel. A. M. Candy and G. D. Fish, The Welding 
Engineer (September, 1926), Vol. 11, pp. 30-33. 
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Are Welded Pressure Vessels Safe? A. F. Jensen, Power (Sept. 28, 1926), 
Vol. 64, p. 493. 

Atomic Hydrogen Arc Welding. Boiler Maker (August, 1926), Vol. 26, p. 
235. Discusses the value of this process for welding alloyed steels. 

Autogenous Welding with the Electric Arc Instead of the Oxy-Acetylene 
Blowpipe. La Soudure Autogene Par L’Arc Electrique ou le chalumeau oxy- 
acetylenique. Genie Civil (Aug. 14, 1926), Vol. 89, p. 142. Compares the 
advantages of the two processes. 

Combination Welder and Compressor. Pacific Marine Review (September, 
1926), Vol. 28, p. 414. 

Commercial Arc Welding Applications. W. L. Warner, Iron Age (Aug. 12, 
1926), Vol. 118, pp. 421-2. Gas holders, piping in large sizes, purifiers for gas. 

Controllers for Arc Welding. Engineering (Aug. 6, 1926), Vol. 122, pp. 
176-7. Illustrates electrical arrangement. 

Copper Welding. S. W. M-ller, Machinery (London) (July 29, 1926), Vol. 
28, p. 483. Results of tests performed on copper rods containing aluminum, 
phosphorous and combinations of these metals. 

Development of Chain Making in Europe. M. A. Irmischer, Wire and Wire 
Products (October, 1926), Vol. 1, pp. 187-89, 207-10. 

Ductile Carbon Arc Welds Made on New Machine. Boiler Maker (August, 
1926), Vol. 26, p. 220. Illustrates the carbon arc welding outfits. 

Electric Arc Welding Steel Structures. Electric Light and Power (Septem- 
ber, 1926), Vol. 4, pp. 21-23, 48, 54. Describes the construction of the Peerless 
Auto Sales Co. building, Canton, Ohio. 

Electric Welding. J. Ledwinka. U. S. Pat. 1592605. Off. Gaz. (July 13, 
1926), Vol. 348, p. 482. 

Electric Welding, Method of and Means For. A. E. Paige. WU. S. Pat. 
1594111. Off. Gaz. (July 27, 1926), Vol. 348, p. 949. 

Electric Welding Steel Structures. Elect. News (Sept. 1, 1926), Vol. 35, 
pp. 33-4. An effort is being made to amend building codes so that welding 
may be used instead of riveting. 

Electric Welding Steel Gas Holders. Canad. Engr. (Sept. 7, 1926), Vol. 51, 
pp. 277-9. 

Electrode Efficiency. P. L. Roberts, Welding Engineer (September, 1926), 
Vol. 11, pp. 25-27. Discussion by J. B. Greene. 

Good Welding Rod Essential. The Welding Engineer (September, 1926), 
Vol. 11, pp. 28-29. 

Method of Repairing Broken Metallic Structures by Welding. A. H. Lee. 
U. S. Pat. 1592609. Off. Gaz. (July 13, 1926), Vol. 348, p. 482. 

New Are Welded Truss for Buildings. Manufacturers Record (Aug. 12, 
1926), Vol. 90, p. 84. Illustrates the Havemeyer truss in place ready for 
concrete work, 

New Torch for Metal Cutting with Illuminating Gas. Engineering News 
Record (September, 1926), Vol. 97, p. 562. 

Oxy-Acetylene Welding Equipment for Mills. Textile World (Aug. 7, 1926), 
Vol. 70, pp. 63-4. Savings from welding, welding outfit, properties of acety- 
lene, welding and cutting torches, welding rods, suitable flux, the regulators. 

Oxy-Acetylene Welding of High Carbon and High-Speed Tool Steel. G. L. 
Walker, American Machinist (Aug. 5, 1926), Vol. 65, pp. 231-2. 

Oxy-Acetylene Welding and Cutting. F. X. Morio, Sheet Metal Worker 
(Aug. 27, 1926), Vol. 17, pp. 573-4. Theory and practice as applied to the sheet 
metal trade. 

Progress of Welded Pipe Lines for Oakland Water Supply. Contractors’ 
and Engineers’ Monthly (September, 1926), Vol. 13, pp. 71-2. Steel pipe is 
fabricated by are welding process. 

Rejuvenating Oil Spark Plugs. W. Stewart, The Welding Engineer (Sep- 
tember, 1926), Vol. 11, p. 39. 

Repair and Reinforcement of the Concrete Viaduct Over the Rhone. M. 
Boulogne, Ann. des Ponts et Chaussees (May-June, pt. 3, 1926), Vol. 1, pp. 
201-311. Electric are welding is used, repair parts are made from reinforced 
concrete flagstone blocks. 

Salvaging a Broken Bridge with Oxy-Acetylene Torches. Western Machin- 
ery World (August, 1926), Vol. 17, p. 353. Oakland bridge, Oakland, Calif., is 
illustrated. 

_Saving Money by Are Welding. American Machinist (Aug. 26, 1926), Vol. 
6o, pp. 360-2. A series of photographs of the applications of are welding. 

Sheet Metal Welding by the Oxy-Acetylene Process. T. C. Fetherston. 
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Published by the Linde Air Products Co., New York. Oxy-Acetylene Welding 
in Sheet Metal Field, p. 7; Patterns and Lay-Out Methods, p. 26; Preparation 
of Material and Assembly, p. 31; Jigs and Fixtures, p. 49; Welding Practices 
for Sheet Steel, p. 78; Welding Non-Ferrous Metals and Alloys, p. 91; Testing 
Welds, ¥; 105; Finishing, p. 115; Varicus Applications of Welding in Shee: 
Metal Work, p. 121; Welded Tanks, p. 139; Utensils, Metal Furniture, Doors 
and Sash, p. 159; Welding in the Automotive Industry, p. 175; Steel Barrels, 
p. 195; The Use of Oxy-Acetylene Blowpipe for Heating, p. 208; Equipment 
for Sheet Metal Welding, p. 213; Shop Organization, p. 223; Cost Records and 
Cost Estimating, p. 238. 

Strength and Cost of Arc-Welded Joints. A. G. Bissell, Australian Engng. 
Rec. (July 15, 1926), Vol. 3, pp. 32-3. Describes the erection of a steel con- 
struction building at Eola, Ill. - 

Tests of Arc Welding Structural Steel. A. M. Candy and G. D. Fish, Iron 
and Steel Engr. (August, 1926), Vol. 3, pp. 380-384. Twenty-one tests which 
were applied are discussed herein. Engineering World (September, 1926), 
Vol. 29, pp. 151-6. 

Tests on Gas-Welded Roof Trusses. The Iron Age (Aug. 26, 1926), Vol. 
118, pp. 544-6. Shows the application of oxy-acetylene welding to structural! 
steel work. 

Tests of Trusses Show Strength of Welded Joints. H. H. Moss, Railway 
Age (Aug. 21, 1926), Vol. 81, pp. 331-333. 

Tests on Oxy-Acetylene Welding Roof Trusses, Machinery (New York) (Sep- 
tember, 1926), Vol. 33, p. 5. The Linde Air Products Co., Buffalo, have carried 
out a number of tests on steel frames. 

The Welding of Steel Construction. The Welding Journal (Londno) (June, 
1926), Vol. 23, pp. 175-77. 

To Weld Steel in Five Story Building. Canadian Machinery (Aug. 12, 1926), 
Vol. 36, p. 22. A five-story arc-welded structure is to be built at Sharon, Pa. 

Torch Solves Difficult Piping Problem. Martin Vanderveer, Power (Oct. 5, 
1926), Vol. 64, pp. 510-11. 

“Up-Hill” Pipe Welding, The Welding Engineer (Sept., 1926), Vol. 11, p. 2°. 

Welded Pipe Line Progress on Oakland Water Supply Line. Engineering 
World (September, 1926), Vol. 29, p. 159. Illustrates the arc-welded pipe used 
in the 90-mile line for Oakland, Calif. 

Welded Steel Stacks Avoid Corrosion at Joints. Power Pl. Engineering 
(Aug. 15, 1926), Vol. 30, pp. 908-9. Guyed stacks built at the shop were 
erected in one piece. 

Welding a 30-In. Diameter Gas Main. Australian Engng. Rec. (July 15, 
1926), Vol. 3, pp. 14-15. Butt-welded pipe is given pressure, bending and drop- 
ping tests. 

Welding Battered Joints Has Proved Economical. Fly. Engng. & Main- 
tenance (September, 1926), Vol. 22, pp. 350-4. Electric are and oxy-acetylene 
methods are both used. 

Welding High Carbon Tool Steel and High Speed Steel with the Oxy-Acety- 
lene Torch. G. L. Walker, Western Machinery World (August, 1926), Vol. 
17, pp. 350-3. Illustrates some parts successfully welded and gives compos'- 
tions of suitable steels. 

Welding of Defective Work in the Machine Shop. P. L. Roberts, Machin 
ery (London) (July 29, 1926), Vol. 28, pp. 502-4. Materials include steel ani 
cast iron and non-ferrous articles. 

Welding Pipe Lines in Buildings. H. E. Wetzell, The Welding Enginee: 
(September, 1926), Vol. 11, pp. 34-38. Good welding needs advertising, typ 
of pipe to pipe joints, types of branch joints, saving forty dollars on onc 
joint, when welding saves money, order pipe with 40° bevel, strength of welde’ 
pipe, welded joints are tight joints, easy repairs-economy in covering, flex 
bility, use —— in pipe work, odd jobs that means big savings, welde: 
steam lines in huge office buildings, flanges only where valves are used, fic’ 
for U-bend of small radius. 

Welding Plates Structures. J. N. Reeson. Brit. Pat. 254127. Ill. Off. J: 
(Aug. 25, 1926), Vol. 38, p. 3546. Describes a butt and lap welding proce: 

Welding the New Stainless Steels. Canad. Mach. & Mfg. News (Aug. | 
1926), Vol. 36, pp. 22-24. The semi-are process is being used for weldi: 
nickel-chromium alloys and cast iron. 

Welding Pipe Line, 22 Miles Long, Is Completely Welded. Iron Trade R« 
(Aug. 19, 1926), Vol. 79, p. 445. Steel pipe 22-24 inches in diameter is weld: ' 
by electric are. 
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Thermit Takes the Guess 
Out of Welding 


C5) esi welding is dependable. The operation is 


exceedingly simple. The experienced operator, 

therefore, knowing that he has followed the proper 
procedure can be certain that his results will be uniformly 
good. In addition to that, however, it is a very simple matter 
to determine the quality of a Thermit weld. In this respect the 
process is unique. It is only necessary to cut a few grooves 
in the collar to ascertain the soundness of the weld. Any 
defects can be immediately discovered in this simple man- 
ner. It is not necessary to test a Thermit weld to destruc- 
tion or wait for it to break in order to know whether the 
weld is good or not. The operator knows this immediately 
after the weld is finished because the Thermit weld being made 
all in one operation is uniform throughout. The dimensions 
of the weld, the quantity of Thermit and all other details are 
covered by printed instructions, thus insuring thorough 
fusion. Nothing is left to chance. The process is primarily 
adapted to the following applications: 

In Railroad Shops: Locomotive frames, wheel centers, 
crossheads, guide yokes, cylinder saddles and 
tender frames. In short all heavy parts of the loco- 
motive and many smaller parts. 

In Steel Mills: Broken heavy equipment of all kinds, 
also for building up worn wobbler ends of rolls 
and pinions. For this purpose we have perfected 
a new mixture called “Wobbler Thermit.” It pro- 
duces a steel of the exact characteristics desired. 
Parts built up with Wobbler Thermit outwear the 
original metal. 

In Ship Yards: Broken stern frames, rudder frames 
and stocks, shafts of all kinds. 

In Railway Tracks: Welding rail joints, compromise 
joints, making special work and repairing broken 
mates, switches and frogs. 

Thermit welding is now the accepted method of making rails 
continuous and eliminating rail joints in paved streets. 
There are many other applications too numerous to mention here. 

Let us tell you about them. Full information sent on request. 


METAL & THERMIT CORPORATION 
120 Broadway, New York 


Chicago S. San Francisco Toronto 
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ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? If not, 
we are glad to explain 





Supplied in the following size cylinders: 
10” x 30”—capacity 125 cu. ft. 
12” x 36" “ — 
12” x44". “ _., Sis: 
















Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 
613 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bidg., San Francisco, Cal. 











Bound Volumes 
Journal of the 


American Welding Society—1925 





A limited number of copies of the JouRNAL 
for the year 1925 are still available in attrac- 
tive book form. .This bound volume includes 
subject and author’s indexes of all technical 
papers appearing therein. 


As in previous years, these bound volumes 
are sold to members at $5.00 per copy. A 
few volumes are still left for the years 1922, 
1923 and 1924. 


Orders should be placed at once with the 
Secretary of the Society. 
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TORCHWELD LEADERSHIP 

“Standard of Comparison” 
Torchweld is the acknow]- 
edged leader in the gas 
welding and cutting equip- 
ment field because 


Torchweld design is original and Torchweld superior construction 
insures long and satisfactory service. 


TORCHWELD EQUIPMENT CO. 
224 No. Carpenter St. Chicago, IIl. 






















oe 
Di 
Bas 
a 
ba 
















& “LOWER OXYGEN PRESSURE” 

rr Welding and Cutting Equipment 
he: WRITE FOR CATALOG NO. 37 

c THE BASTIAN-BLESSING COMPANY 






| ngs: 252 E. Ontario St., Chicago, Ill. 





Welding Rod 


3000 
WORKING WELDERS 


are kept busy full time 
melting the daily output of 


OWcelAil— 
MANUFACTURED BY 


CuHicaco Street & Wire Co 


105rd Street and Torrence Avenue CHICAGO 
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Welding Cast Steel Contra-Propeller to Rud- 
der Post, Fletcher Shipyard, Hoboken, N. J. 





For this weld below the water line 





—Wilson Wire was used! 








Use Wilson Type S Machine 


Simple, close regulation; a self- 
exciting generator: a commuta- 
tor that always shows less tem- 
perature rise than any other part 
of the machine; a simple, com- 
pact control panel; an arc that 
is easy to strike and easy to 
maintain; a welding current 
which can be reduced to as low 
as 25 amperes for light work 
and thin gauge metals—these 
are some of the features that 
make the Wilson Type § a dis- 
tinct achievement in electric 
arc welding. Write for com- 
plete information and prices. 


If any weld must be perfect—it is the weld 
below the water line of a ship. Under al! 
conditions, in spite of all kinds of pressure 
stress or strain, it must hold. Once the ship is 
at sea, such repairs are practically impossible. 


At the Fletcher Shipyard, Hoboken, N. J., they were 
welding a huge steel contra-propeller to a rudder post 
welding not only below the water line, but in a most 
vital part of the ship. And for this weld which had t 
hcld—for this weld which had to be perfect—Wilson 
Wire was used. 


It is significant that in welding of this kind, welding in 
which no chance can be taken, welding that must be im- 
pervious to the greatest strain, stress and pressure 

Wilson Wire is chosen. Men who have had experience 
with Wilson Wire know they can select the correct grade 
(analysis) for the kind of metal they’re welding—and 
that every rod will be like every other rod in the grade 
selected. This means practically perfect welding jobs 


Write today for your samples of Wilson 
“Color-tipt”” Welding Wire, indicating 
the kind of metal you desire to weld. 


WILSON WELDER & METALS CO. INC., WILSON BLDG., HOBOKEN, NEW JERS 


WILSON 
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WELDING MACHINES AND WELDING WIR: 
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It Goes Anywhere Now! 


There's an addition to the Westinghouse 
Portable Arc Welder. It’s a gasoline engine. 


Many have been the heroic experiences of 
the “Emergency Man on Four Wheels” in the past. 
It has been pulled to out-of-the-way places; belted 
to tractors, trucks and steam engines, and put to 
work—often to save hundreds or thousands of 
dollars. 


So we have mounted an engine on the 
truck. Now it can go anywhere, independent of 
power lines—without limitation. Yet it is still the 
same machine—simple, dependable and easy to 
operate. May we tell you about it. 


Westinghouse Electric & Manufacturing Company 


East Pittsburgh Pennsylvania 
Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


Westinghouse 
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TOBIN BRONZE WELDING 


makes emergency repairs permanent 

















A bad break in the cast iron parts 
of an automatic machine— 











—welded with Tobin Bronze 
without dismantling 


HEN a break occurs in an auto- 

matic machine, the shop is often 
confronted with a loss in production 
while a new part is being obtained. 
Tobin Bronze Welding by the oxy-acety- 
lene process offers a most effective solu- 
tion to such a difficulty, and saves the 
cost of new parts. 


The photographs show a typical example 
of a permanent repair made quickly 
with Tobin Bronze. Since extensive 
pre-heating was not required, dismant- 
ling was unnecessary. The low welding 
temperature of 1650° F. also prevented 
shrinkage and made it possible to re- 
store the broken parts to their original 
alignment. Most important of all, the 
repair is permanent and the weld is 
stronger than the original cast iron. 


Tobin Bronze Welding Rods, exclusive- 
ly an Anaconda product, are made solely 
by The American Brass Company, and 
“Tobin Bronze” is stamped in the metal. 


THE AMERICAN BRASS COMPANY 
GENERAL OFFICES : WATERBURY, CONNECTICUT 
Offices and Agencies in Principal Cities 
Canedian Mill: Anaconda American Brass Ltd., New Toronto, Ont. 





TOBIN BRONZE 


REG. US. PAT. OFF. 


WELDING RODS 


—~ 


EXCLUSIVELY AN ANACONDA PRODUCT 
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HOLLUP 


PROCESSED 


Welding Wire and Electrodes 





A GRADE FOR EVERY PURPOSE 

















All Hollup welding wire comes from 
one mill, is chosen by close chemical 
analysis and then is cleaned and drawn 
according to our own specifications. 
Finally it is further cleaned, processed 
and treated in our own plant by a special 
method, to insure perfect welding 
characteristics and uniformity. 


Since the construction of our new plant 
and the installation of the special ma- 
chinery and equipment necessary to pro- 
duce Hollup Processed Welding Wire, 
we have not had a single complaint nor 
have we been requested to exchange one 
pound of wire. 


Wanamaker Coated Electrodes 
Rex Processed Bare Electrodes 


Rex Oxy-Acetylene Welding Rods 


Send for Test Samples and Literature 


C. H. HOLLUP CORPORATION 


3333 W. 48th Place, Chicago, Ill. 





269 37th St., Brooklyn, N. Y. 
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G -E Automatic ArcWelders 
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Weld the tanks at the Pennsylvania 





G-E Welding Elec- 
trode when used 
with the G-E Auto- 
matic Welder pro- 
duces strong, 
smooth welds at 
great speed. 


Furnace & [ron Company 


They automatically clamp the tanks 

They automatically start and stop 

They automatically weld the seams 

They never tire 

They never make a mistake 

They weld with the same high quality— 

always 

They do the work at less expense 

They weld three times as fast as any 
hand welder 


Every pipe and tank manufacturer who desires 
to meet competition should fully investigate 
these remarkable welders. Your nearest G-E 
office can supply you with complete information 
upon request. 


GENERALELECTRIC 


GENERAL ‘ELECTRIC COMPANY, SCHENECTADY, NEW _ YO iK 
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UNION CARBIDE 


World’s Best Quality - Highest Gas Yield 


Always Uniform - 


Packed 
in 
Blue and Gray 
Drums 





Always Dependable 


We have 
Warehouses 
in 
175 Cities 


The product of the originators and developers 
- of the carbide and acetylene industry 


UALITY assured by more 

than a quarter of a century 
of experience in selecting raw 
materials and in perfecting lab- 
oratory practice and works 
processes, 


_ The faithfully sustained qual- 
ity compels recognition of the 
economies which go with it. 


Union Carbide will keep for 
years in the original package 
without deterioration. 


Our remarkable nation-wide 
service and distributing system 


makes Union Carbide quickly 
available everywhere. 


There is a Union Carbide 
warehouse near you. Shipment 
is made same day your order is 
received. 

We supply Union Carbide in 
Generator sizes— direct to con- 
sumer—at factory prices. 


Our Blue and Gray Drum is 
recognized throughout theworld, 
as a symbol denoting Best Grade 
Carbide, Highest Gas Value, 
Uniform Dependable Quality 
and Purest Gas. 


UNION CARBIDE SALES COMPANY 


Principal Offices: Carbide and Carbon Bldg., New York, N.Y. 
Peoples Gas Building, Chicago, Ill. Balfour Building, San Francisco, Calif. 
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An _ Industrious 
Partner 
With 21 years of experi- 
ence to guarantee quality 
and with 31 plants and 85 
warehouses to guarantee 
supply, Prest-O-Lite dis- 
solved acetylene is an ideal 
partner in your business. 
THE PREST-O-LITE COMPANY, INC. 
Oxy - Acetylene Division 
General Offices: Carbide and Carboa Bidg., 30 E. 42d Sc., New York 


In Canada: Prest-O-Lite Co. of Canada, Limited, Toronto 
31 Plants—45 Warehouses—22 District Sales Offices 


Sreot-O Lite 


DISSOLVED ACETYLENE 











ADVERTISING 


That's what an advertising man said when 
we showed him the list of Oxweld blow- 
pipes that have been in service seven, eight, 
ten, twelve and even fourteen years. 


“Still in daily use” is the report on many 
blowpipes bought in 1912, the first year of 
the Oxweld Acetylene Company’s exist- 
ence. Think of it! 


There are hundreds of companies on this 
“long-time honor list” in all parts of the 
country—an impressive reason for the pre- 
dominance of Oxweld in the field of oxy- 
acetylene cutting and welding. 


OXWELD ACETYLENE 
COMPANY 


LONG ISLAND CITY, N. Y. 

Thompson Ave. & Orton St. 
CHICAGO SAN FRANCISCO 
3642 Jasper Place 1050 Mission Street 





A SEATTLE welding 
shop bought three Ox- 
weld blowpipes in 1913 
and twoC-2 cutting blow- 
pipes in 1915. All of this 
equipment is still in con- 
stant use. This is a typical 
report from an old Oxweld 
customer, There are 
thousands of such reports. 
They are conclusive proof 
that Oxweld equipment 
is built for service under 
even the most execting 


conditions, 10 











WELDING AND CUTTING APPARATUS 
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E* V7, E. A new profession 



























In your own shop you can manu- 
facture from pipe # great variety of 
equipment, such as separators for 
steam and liquids. condenser coils 
heating coils, ammonia and air 
tanks. Linde Procedure Controls 
on pipe manifolds will give you 
most of the information necessary 
and additional information for your 
job will be supplied on request 


sponsored by Linde 


ConsuLTING Welding Engineer is 
not a degree granted by colleges and 
universities. It is the mark of a 
profession developed in response to 
a definite demand by industry. 


When welding was first. intro- 
duced into this country, Linde real- 
ized that ultimately thousands of 
men must be trained in welding 
technique. 


As industry after industry adopted 
this new technique, many engineer- 
ing problems had to be solved and 
Linde service was necessarily ex- 
panded to include engineers who 
combined an expert knowledge of 
welding with wide engineering 
experience. 


They are in constant demand— 
pioneers of a new profession—Con- 
sulting Welding Engineers. 


The Linde Air Products Company 


Manufacturers of oxygen, nitrogen, pyr argon an 
neon, oducets of heluwm for scent: purposes 


GENERAL OFFICES 
Carbide and Carbon Building 
30 East 42d Street, New York 


37 PLANTS. 105 WAREHOUSES 


LINDE OXYGEN 





[October 
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BLINDFOLDED= ’ 
and trying to weld. 


You wouldn't attempt it, of course, Steel Welding Wire and Electrodes. 
and yet—many welders are “in the Each grade is processed and shop 
lark” as to the particular type of tested to do better a particular type 


vork the wire they are using is in- of welding—and every piece is plainly 
tended for. They are forced to guess, marked for identification. 

and guessing means spoiled work and We invite you to test them in your 
lost time. own shop. Know the facts—write to- 


There is no guess day for samples and 
work about the use of interesting literature. 
Page-Armco and Page No obligation. 


PAGE STEEL AND WIRE COMPANY 


- An Associate Company of the American Chain Co., Inc. 


> . BRIDGEPORT, CONNECTICUT 


iitrict Offices: Chicago, New York, Pittsburgh, San Francisco. 
Welding Wire and Electrodes 
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Vipe 


below will put 


you in touch with a user near you 


whose experience 
types of welders. 


covers many 
Get his view- 


point based on experience. 


Branch Offices 
Baltimore 


Buffalo 
Charlotte, N.C. 
Chicago 
Cincinnati 

| agg 


Des Moines nada, Ltd., Rocheeter 
Grand Rapids European Representatives: Allen-Liversidge, Ltd., London St. Louis 


Distributing agencies in all principal cities, Ft. Worth, Texas Los Angeles 


The Lincoln Electric Co. worn” 


Milwaukee 
General Offices and Factory: ae cus 
Cleveland, Ohio Philadelphia 


The Lincoln Electrie Co. of Ca 


Wiis 


(a new list in each issue ) 


“We find the Lincoln is more eco- 
nomical than the type we had pre- 
viously used.” 

* * # 


“We are using the Lincoln on all 
our work now and have absolutely 
no complaint to make.” 


* & # 
“We are having great success with 
your welder.” 

* * # 
“We find a great saving with the 
Lincoln through increased produc- 


tion.” 
* * & 


“With the Lincoln we are enabled to 
turn out a better job.” 


¢ + 


“We want to say that we are entire- 
ly pleased and satisfied with your 
machine.” 


re” 


Pittsburgh 
Toronto- Montrea! 


Baclusive Agencies with Stock: 


New Orleans San Francisco 
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INDUSTRIAL GASES 
Oxygen, Hydrogen, Nitrogen, Acetylene, C. H. (Cutting Gas) 


Engineering Service: Installation of Complete Oxygen and Hydrogen 
Plants and Gas Distributing Systems. 


Knowles Electrolytic Plants for Producing Hydrogen 
Knowles Patented Cells are safe, simple, easy to install, automatic, low 
in first cost and maintenance, and flexible in operation. Can be fur- 
nished in any size up to 15,000 amperes. 
Hydrogen 99.9%. Oxygen 99.8% Pure. 

Cutting and Welding Equipment: EYEOSEE and INTERNATIONAL cut- 
ting and welding torches, regulators, acetylene generators. The best 
built, most efficient and economical line made. 

Supplies and Accessories: I. O. C. stud valves, patented packingless high- 
pressure valve, safe and easily operated. Complete line of supplies 
for Gas Plants and Welding Shops—oxygen testing sets, charging 


lines, goggles, asbestos gloves and mats, welding rods and wire. 
Write for Literature. 


INTERNATIONAL OXYGEN CO. 





‘lle. American Pioneer Manufacturers of Oxygen 
Selling Agents: International Acetylene Co. 
_— = Newark, N. J. 
Plants at Newark, N. J.; Veroma, Pa.; Toledo, Ohie 
INDUSTRIAL GASES Offices at New York and London, Eng. 








SWEDOX 


WELDING RODS, WIRES and ELECTRODES 
A Grade for Every Purpose 





NONOX SWEDOX TENSKOTE BRONZOX 
LEKTROX SWEDOX DUCTKOTE BRONZKOTE 
ASTOX DUCTILOX TOBIN BRONZE 
ARC CARBOX NICKOX MANGANESE BRONZE 
GAS an... RAILOX MONEL METAL 
STEELKOTE KROMOX TENSILOX 
LEKKOTE MANGANOX KROMKOTE 
CYLKOTE ALUMINOX NICKOTE 
MANKOTE DRAWN ALUMINUM VANKOTE 
RAILKOTE BRAZOX FLUXES 


SEND FOR TESTING SAMPLE 


We want every welder in the country—big or small—to be convinced of 
the specialized superiorities of SWEDOX products. We know that a trial 
will convince you. Hence the free offer. Try SWEDOX on your next 
welding job at our expense. 


DETROIT, MICH 


Gastital Steel te Wite Combany s001 mater 4m 


Phone: 
LaFayette 8500 Lincoln 6780 


“We Ship the Same Day” 
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ROEBLING 
Welding Wire 


Conforms to the specifications 
of the American Welding Society 








Exacting tests have proven 
the reliability of Roebling 
Welding Electrodes. They are 

uniform throughout and make 
the strongest welds with the least trouble in 
welding. 









John A. Roebling’s Sons Company 


TRENTON, NEW JERSEY 


THIS LINE 








ALONG 





OFF 


Why | Expectntni ? 


Torches INCE the infancy of the industry, 


Regulators expert engineers and skilled work- 
Gencinns men have maintained the predomi- 
° ors nance of Milburn Equipment 

Compressors Its acceptance as standard equip- 
Mantfolds —_ ae large pag bee railroads 
Preheaters an overnmen epartments the 
Petes Greane world over exemplifies Milburn leader- 


“ ship. 
Carbide Lights THE ALEXANDER MILBURN Co. 
Catalog 547 Baltimore, Md. 


CU 











} 
| 
Heat treating the weld metal by the UNA Process offers | 

a simple, practical method of increasing the strength, duc- 
tility and resistance to impact of the weld. | 
| 


UNA WELDING AND BONDING COMPANY 
CLEVELAND, OHIO 


Welding Processes 
Welding Rods 


A.C.-D.C. Welders 
Welding Supplies 














THIS LINE 








ALONG 


OFF 


CU 
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MEMBERSHIP APPLICATION BLANK 


AMERICAN WELDING SOCIETY 
33 WEST THIRTY-NINTH STREET 
NEW YORK, N. Y. 





eee aE ies Sia ak «ddim wa 60 « 192. 

Secretary : 
I hereby apply for Class................ Membership in the 
PE oe en ee AT iS a Section of the AMERICAN 


WELDING SOCIETY and attach hereto remittance of $......... 
for first annual dues. Remittance will be refunded in the event 
of rejection of applicant. I also agree to abide by the Constitution 
and By-Laws of the Society and By-Laws of the Section. 


Present Guth say oS UWIES Fi Rees Fok ec vccbeoscnccrcens 
Name of Company and Address ...........:..eseeeeeereees 
Residemee 03) SFR caso eee Sa eh o Ne oe ws eer scceseccccc se avtes 


A ddrent: Sipe GE 6 cs SU Sabah cv evs ccct ec cbeceetecesews 


oeeeeveveeeeeeeereeeereereneeeeneeeeneeneneeereeee 





Applicant is request- 
Co ee EE ae a Pr re i eee ee ee ee ee ee 
length of welding 
experience and proc- 
esses involved, also 
to record any tech- 
| nical or SR oe gE a eo a ar 
experience, 


eevee eeeeevreeeeoeeeeereeeeeeeeeeerereereeeeee 











eeeeveveeeeeeeeeeeeeeeseeeeeeeeereeener ee eens 


References: (1. 


eeeeeeeveeeeereeeeeeeeeeneeneeeneenenenereeneeeneee 


\pplicants to classes C and D should reserve this space for employer's signature 


(a Sey cee ce « 


Proposed by 


eee eer eee eeneeeeeeeeeeaeereeeeeeeeeeneneeeenennneenneneee 


(See other side) 














Section 1. 


Section 2. 


Class A. 


Class B 


Class C 


Class D 


Class F 
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QUALIFICATIONS FOR MEMBERSHIP 


Extract from By-Laws 





ARTICLE I. 


Individuals having received the approval of a majority 
of the Membership Committee shall become members 
of this Society upon the payment of dues, except in 
the cases of honorary members who shall be elected 
by unanimous vote of the full Board of Directors. 


Membership shall be divided into five classes: 


Sustaining members, being individuals or individuals 
delegated by corporations, firms, partnerships, etc., 
interested in the science and art of welding, with full 
rights of membership. 


ME SR cies caeeee ees $100.00 


Members, being individuals interested in the science 
and art of welding, with full rights of membership. 
Engineers or individuals competent by experience or 
training to plan or direct welding operations are 
eligible to this class. 


Aneuel GWiri dood os os $20.00 


Associate members with right to vote but not to hold 
office, except in Sections as may be provided for by 
the By-Laws of the Section. Supervising welders, 
inspectors and skilled operators, with three or more 
years’ practical experience in welding, are also elig- 
ible to this class. 


RNS Bs 6-60 St sia $10.00 


Operating members, who are welders or cutters by 
occupation, without the right to vote or hold office 
except in Sections as may be provided for by the By- 
Laws of the Sections. 


Annual dues, United States and 
Re etek oC eh a gia a ¥ 6 $5.00 
Other countries.............. $10.00 


Student Members, who are actually in attendance at 
any one of the recognized colleges and approved trade 
schools, without the right to vote or to hold office ex- 
cept in sections as may be provided for by the by- 
Laws of the Section. 


Annual dues 











sae? 


avis-Bournonville 
Welding Torch 
LS , Style 7700 


Torch nom. “00 - Combining all Essentials of Efficiency) 

Wes: ak Sec i eee eel Cont 
Mf Economical Operating Cost and 

tors that estab- Small Maintenanve Cost 

lished _and . 

high cipitation, of 

Davis - Bournonville 

Torches from the be- 

ginning of Oxyacety- 

lene practice, with 

_many new features of 

appreciable advantage 

and economy to the 

welder. 7 

_ Manufactured in two 

sizes, with 4-in., 6-in., 

9.in., and 16-in. exten- 

sion tubes and welding _ 

tips from No. 1 to No. 12, 

graduated from 21. cu. ft. to 

128 cu. ft. acetylene capacity 

per hour. 





| AIR REDUCTION SALES CO. 


Manufacturer of Airce Oxygen——Aireo Acetylene, Calorene 
Airce-National-Cacbide 
Aivco-Davis Bournoaville Weding and Cutiing 
4 Apparatus and Supplies 
} 7 Disteict Sales Offices — 52 Plants 95 Distributing Points 


Home Office: 342 Madison Avenue, New York, N.Y. 





